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TRANSLATOR'S PREFACE. 



The cyphers or measures made use of in this, 
work, are merely signs employed to convey ideas 
of linear proportions^ and a few simple Geometric 
cal Problems. 

The Translator of the following pages has been 
induced to adhere to the French standard of mea*. 
sure; 

1st, From the wish, that in all the material parts 
of the work, the translation should be as literal as 
pos^ib]e^ 

2dly, Because the French standard of measure^ 
from its uniformity, its simplicity^ and the facility 
with which all its operations are performed by 
means of decimal numbers, affords a vehicle of 
instructijon which offers many advantages^ The 
attention of the pupil is not distracted by a com* 
plicated arithmetic, from the pursuit in which he 
is engs^ed, and which being a distinct study from 
arithmetic, should not have its difficulties Increased 
by a tedious process of calculation. 

3dly, 'The art, which it is the object of this 
work to teach, being once acquired, and the eye 
once formed to accuracy, it will adapt itself with 
equal facility to. whatever standard of measure 
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imme = 3 qs« 8^ dmehiiiBj^ Avoirdupois. 
KiipgisAinnie := 2 Ib.^ 8 oz,, 5 cjracbmsy Avoirduppi«. 
MyriogrBmme =: S2 lb., 10 oz., 15 drfichins, Avoirdupois. 
1 Qaintal Metrique, or 10 Myrtog. == 220 lb., 10 oz», 1 dr. 

10 Quio. Mety or Millimetre, 'zz 1 ton less, 33| lb. 

_ • ....... 

To ^od the ex^t lengtib of the luetr^, i^gm 
which all th^ other pieaaures are d^uoed^ fiad 
the length of a pendulam, which shall oeoillate 
sixty times io a minute. 



ELEMENTS OF DRAWING, 



^c. 



INTRODUCTION. 

The art of Lineal Drawing, the faculty of estima* 
ting proportions by the eye alone, and of tracing 
them on paper, would be a useful acquirement in 
most of the occupations of the middling and lower 
classes of society, but its direct advantages are 
perhaps not so important as the habit it encourages 
of accuracy and precision, which, when acquired 
in youth, in any one instance, usually extends its 
influence over the general character. The art of 
Lineal Drawing may not contribute as much as 
the power of reading and writing, to improve the 
moral sense ; but it is perhaps more conducive 
than these to the prosperity of industry, to the 
practical success of each individual in his trade. 
It was first introduced by the Duke de Gaeyes, 
in his School for the Poor, at Livoume; and the 
experiment was so satisfactory in its result, both 
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as to the facility with which the art was acquired 
by the pupils, and the advantages attejiding it, 
that it has since become a branch of instruction 
in most of the Lancastrian schools for the educa* 
tion of the poor throughout France. 



GENERAL INSTRUCTIONS. 



I.t is not expected that there should be any pce- 
▼ious knowledge of drawing possessed by either 
the odaster, the tnonitors, or the pupils; but that 
each, equally ignorant . both of Geometry and of 
Drawings shall succeed in accurately tracing all 
inaitation of forms by mutual instruction, and the 
force of example and imitation. 

The master should, in .the first instance, study 
the general rules laid down in this work, so as 
thoroughly to comprehend them ; he must then be- 
gin to form monitors,, choosing six or eight boys 
from the best of the writing class, acting as their 
monitor, and exercising them in . the rules to be 
explained* When these are fully acquainted with 
the method, and are perfect in the rules of the 
first class, the instruction may begin in Jhe school. 
Classes of design bdng formed from the three last 
classes of writers, and one of the best of the mo- 
^ nitors being appointed to each,clas^« The master 
should still continue to devote a portion of time, 
' after school hours, to the instruction of his moni- 
tCM'S, till they comprehend the whole of the prac- 
tice, and the rules which they are to dictate, and 
thus, by degrees, the six classes of design will be 
introduced into the school. The monitors must 
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be furnished with several kinds of instruments. 
There mast be provided for the drawing classes : 

1st, Slates. 

Sdly, Black Tablets of wood,* at least one me- 
tre long, by seven decimetres high,t the children 
are to draw on these with white chalk. These 
boards are fixed to the wall, in the part of tha 
school-room allotted to the half circles of the read** 
ing classes, and at a height which the children 
may dra^ on convenientiy. 

Sdly, Wooden or Pasteboard Tablets, on which 
should be pasted separately the sheets of the en^ 
graved diagrams, which are subjpined to this 
work^ and which should be suspended above the 
tablets the children draw on, being the models 
they should copy* 

,4thly, Demimetres,:); divided into decimetres 
and centimetres, In the form of rulers, with brass 
or iron ends ; these answer the purpose of moni*^ 
tors pointing sticks. This measure should also be 
nailed or painted 43n each tablet, that the child 
may have it constantly before bis eye. 

6tbly, Small Rulers of two or three decio^etres^ 
divided into c^timetres and millemetres. These 
die monitors will keep in drawers for occaftonal 
use. 



tablets are made of oak plank, rtibbed with lamp 
black mixed with glue, and occasionally afterwards with the je« 
diluent of the ink bottles, which k^eps tbcoi-ff a good colour. 

f 3 feet 4 inches^ by 3Q inches. 

% Lines of about 30 inches.— See Preface. 

f Lines of 10 inches. 
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6thl7, Small Pasteboard Tablets, on whieb are 
pasted the series of orders wbicb tbe momtors are 
to gi?e, and which are affixed at tbe end of this 
work : these the monitors hold in their hand, and 
dictate from. 

7tbly, Large and small Squares, which are 
given to. the monitora to verify if the angles drawn 
are rectangular; the large squares are for the 
black tablets, tbe small squares fer slate exer^ 
cises. 

dtbly. Large and small Compase^ of wood or 
iron. 

dtbly^ Lastly, Protractors, cm graduated semi* 
circles. 

The instruction of drawing is conveyed exactly 
like that of writing and arithmetic. la the semi^ 
pinc^ before tbe black tableik, the monitor reads 
an order from bis tablet, the class execute it, see- 
ing the model they are to imitate, and the correo^ 
tion is made on tbe spot by another cbild. In the 
exercises on the slates, the class draw without a 
model, and tbe mmiitor corrects without speaking. 

It jii, not only necessary to exercise the band ; 
tbe eye should also acquire precision in the esti> 
naUosk of distances, the (Mri^diHi of lines, and 
tbe form of <]iatlines. There |s as much merit in 
correcting a stroke, or even in pwc^ving in what 
part, and where it is defective, as in tracing it cor^ 
reetly. Tbe^ mcmitor,. therefore, learns as much ^s 
those be is teaebiag, and improves himself, while 
he is instructing others. 
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The childrep in the classes never are allowed to 
use ruler, square, or compass ; and must acquire 
by habit, the power of tracing the figures required 
with acobracy. These instruments are in the 
liands of monitors only, who use them as tests; 
It has been ascertained, that unless a child is de- 
prived of all talent whatever, he will soon be abl^ 
to draw straight lines, circles, ellipses, and the 
different combinations of these figures, with. great 
correctness. A pupil must never be permitted to 
turn his slate, but must attain a facility in draw- 
ing his lines freely, in every direction, while his 
slate remains in the same position. He must ac- 
custom himself to calculate specified measures 
with his , eye, both in lines and cubes. Practice 
is sufficient to render the sense of sight an infalli- 
ble guide in the measure of space and distances; 
and graduated scales of decimetres, centimetres, 
and raillemetres, affixed to the tablets, and thus 
perpetually before his eye, will contribute to it 

The pupils for lineal drawing, should be chosen 
from the three last class of writers, and these 
should form six classes for drawing. Writing 
being a species of drawing, comprehending even 
more, complicated forms than those of our first 
classes, it might appear eligible to allow the boys 
to draw simple lines, previous, to their attempting 
to write; but as the practice of writing is condu- 
cive to improvement, both in. reading and. ortho- 
graphy, which are essential objects not to be lost 
sight of, it becomes expedient to defer the instruc- 
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lion of <) rawing, till the children baye nia4le some 
proficiency in writing. 

There are a multitude of words, such as diia- 
meter, parallel, rectangle, &c., used in Geometry, 
which have precise acceptations; these the mas- 
ter should be acquainted with, and we. shall ex- 
plain them as we proceed : but it is to the first 
monitors only, that it may be useful to convey 
these instructions; the other pupils have.no occa- 
sion for theih; The form of the models^ and the 
habit of imitating them, is sufficient io affix to 
these words their precise meaning, without any 
explanation being necessary. 

The classes being foi*med, and. the monitors as^ 
signed to each, the children are taught either in 
semi-circles, before the tablets affixed to the wall^ 
or seated on benches. 

1st, The Scholars ranged in semi-circles. 

£ach pupil is furnished with a piece of chalky 
not pointed ; above the black tablet is placed the 
board, on which is pasted the sheet of engraved 
figures which he is to copy, and which are seen 
by the whole half circle. The monitor stands 
against thie wall, holding a half metre measure, as 
a pointing-stick. He points to one of the class, 
who advances, and draws the diagram required. 
If the figure is tolerably well elecuted^ or that 
there is no reason to suppose that the next would 
do it better, it is rubbed oiit^ and the boy, No. 1, 
returns to his places . Nb; 2 draws the same figure^ 
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if it is dcfectiT^y the monitor myn **mxtf No^ 3 
a4vance8 to correct the drawiogi but if he placm 
bis crayon so awkurardly, that he shews he d6es 
not perceive the faulty the monitor again says 
**nescty'' and No. B returns to his place; No* 4 
advances, if he succeeds tolerably in the cOrrec- 
tioB, the word ^*fiass" tells him to take the place 
of No. 3, having first robbed out the figarei 
Wben all the bojs in the class have drawn the 
sam^ diagram^ the monitor must, in his turn, draw 
it afeearately, by tbe ruler, or the square. He tiwn 
rubs oiit bfs pwn drawing, and proceeds to die 
next diagram. A second figure is never to be 
formed, till the first is robbed out. 

At a given signal^ tbe monitor turns; ^ taUet 
of engraved diagrams to conceal the model, uid 
the class draw lh>m memory, accordiag to tbe 
same order of dictation they did before; after 
which, they retum to their seats, to trace again 
the MUie figures on their slates, and witbobt a 
model. 

2dly. TAe Children seated on their Benches. 

in the Mine maimer as io the reading classes^ 
where the children write the words which they had 
read in the semicircles; they shoald now repeat 
on the slates, the figores they had previously 
traced on the Mack tablet A signal is given by 
the monitor when his class ha?^ fitted their skttes^ 
when idl Hi^ daaiies have finished, tiie monitor ge^ 
MraA gives the order to correct: mch monitor 
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tb^D proceeds to the eorrection withottt speaking. 
To half the elms he applies the r61e or d(|ttira to 
shew the defects ; on the diettes of the other half 
he traces the figures more correettf, to shew the 
irregularities ; th€»e corrections xnnst be made with 
iMS^urdey and rapidity, and should not consnove 
more than foar minutes of time. 

£adi monitor dictates in his turn, as in the writ- 
is^ eiasees; Whai the general monitor gires t/i^ 
ders: to begin^ the monitor of the fifth classf imm^ 
diately dietates ; then that of the fourth ; and so Ott 
to the last; then the monitor of the fifth class re- 
cerres a new order to begin. In his class some of 
^ diagrams will require a longer time to draw 
than the oUiers, in whibh case he does not dictate, 
bm pMses^ tlie word to the fellowing class, and 
waits to dictate till bis next turn. The children 
of ys ekes will in this case be required to draW 
but three or fi>ar figures, while the others draw 



The monitor should generally dictate, that the 
diagrams be drawn of specified lengths, which he 
ma^ frequently vary ; thus for instwce, he reads 
on his tablet, trace a square^ he may ^dd of three 
eefUimetres, five cmtimetres, &c. &c. 

It will frequently happen that two pupils will 
have&iled in diffei^nt parts of their drawing: one 
fop instance wUl have traced a crooked line, but 
Hffii right iitt^ nitjersectiiig it^ will be perfectly per- 
peadicubr; Ae lines of tbci other wtl) be i^fat lines, 
bttt not perpendicular : It tnay be embarrassing t6 



know which should have the priority* Bat the 
monitor oiigbt to give the prefereace to liim who 
has* accomplished the thing most difficult ; and the 
degree <^ difficulty is marked by the rank oC the 
questions on his tablet^ which are ranged accord^ 
ingly. Therefore, in our example^ the first pu{41 
should have the preference over the other. 

Generally speaking, the monitor should dictate 
two different diagrams, each repeated three timips ; 
and these six diagrams should fill the slate. When 
all the slates are filled, and the order for correc- 
tion is given, the monitor passes in review all the 
slates^; he then corrects the slate of every alternate 
boy as he ascends the class ; on his return, he 
draws the two diagrams accurately on those alter- 
nate slates he did not correct. These correctiiHis 
are rapidly made by means of his rule and square; 
the very defective figures he draws a line across* 
The size of the class should be regulated by the 
number of slates ^hich the monitor can correct in 
foi)r.minutes« . ^' 

It is better not to wait to go to a new figure, till 
the boys are perfect in tracing the preceding xme ; 
it is sufficient that they should do it tojersdbly well ; 
for they should, not be fatigued or dii^usted by 
requiring^ them to repeat perpetually the same 
thing. The difficulties of the succeeding diagrams 
are graduated in such a manner, that each is al- 
most as easy to do as that which preceded it, and 
the address acquired by practice is of advanti^ 
to the previous exercises., ft is only necessary 
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sometimes to recur to these, that they may not ^e 
foi^otten*^ 

N. B. To nnderstand perfectly the particular 
rales we are going to lay down, the master should 
hare the^^eries (>£ orders inscribed on the monitor's 
tablets before him, as also the ptates alQSixed to this 
work; and be should proceed from question to 
^[uestion, and follow the successive explanations 
in the text, with constant reference to the dia* 
grams.* 

* This introductory part has been much abridged, but the re- 
mainder ia a faithful tranilatton: from the originiil French work. 
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First Glass— First Part. 

/A» — — IB fi-^t P 9 y, IB 

^^ ^ -4 — HB 4AI J g -li 

The first class draws only right lines, trianglegy 
and perpendiculars ; it is divided into two parts. 
The corrections are made with the rule, and oc- 
casionally with the square. 

The first four figures, which are marked above, 
refer to questions No. 1 to 14, on the monitor's 
tablet; it is sufficient to see to understand them, 
and they require no explanations. At first it will 
be better that the monitor should draw the line 
with hi8 ruler, and that the boys should divide it in 
equal parts; afterwards, they should trace the line 
themselves, (without a ruler) and divide it. 

Nos. 9, 10, II. These questions differ in no- 
thing but change of terms from those of Nos« 2, 3, 
and 7. The children may also be exercised to 
find the three-fifths, three-eighths, &c., that is to 
say, to cut the line in five, or eight parts, and 
mark ofi^ three of them. 

12, 13, and 14. These three problems relate to 
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thd QBfe of the metre/ siid h» suiidimions. ' We 
have already remarked on the accuracy which the 
eye can acquire, by familiarizing the child to trace 
these m^asaries. 

1i5.Draw a ktrnzontal line) Sfc. — Hitherto the 
children have been allowed to trace their right 
lines in the direction that afforded them most faci- 
lity; here the straight line on the black tablet is 
required to be drawn horiz&ntally. The monitor 
Twifies it by applying his rule perpendicularly to 
each end, and seeing that the ends are at equdl 
distances from the bottom*edge of the tablet ; and 
when be comes himself to draw the horizontal line 
which serves for a general correction, he m^sikes 
the two ends equally distant from the bottom, and 
applying hrs rule to the tablet, dra'^s a straight 
line through both points. 

16!. Draw a verticel line, Jig. 6.- — ^The ver- 
tical is a right line in the direction of a plomb 
line ; the two extremities should be equally 
distant from the lateral edge 6f the tablet, 
1;irhich the monitor verifies in the sanie man- 
^ ner as the former. The monitor should re- 

Lj^at the thirteen first questions, applying 
them first to the horizontal, and then to the 
Verti<}al lines; and the same observation should be 
made on the eighteenth question ri^lative to ob- 
lique lines. 

It ifil difficult to divide a veiFtical line in equal 
parts, as an optical illusion tends to make the 
upp^^ dfivistoifiW appear dhof t^r thaft the^ are. 

c 2 
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17. Trace eqmirdiskmt horizontal lines, fig. I to 
4.— By measuring with the rale, the divergeace of 
the lines at their extremities, it will be seen whe- 
ther they are equi-distant in their whole length* 

18, , Draw an oblique line^ Jig* 6.-*- 
The monitor must not permit these 
lines to be in the same direction as the 
slant of common writing; which would 
be too easy. To divide these oblique 
iTnes in equal parts, remark the observation made 
on question 16. 

Itf, A line is said to he parallel to another, when 
the right lines remain at equal distance from each 
other, in their whole length ; and which is ascer- 
tained by applying the rule to each extremity of 
the lines, and finding that the divergence of one 
line from the other, is equal at both ends. 

To draw exact parallels, the monitor should 
therefore trace the first line, and applying his rule 
to each end, mark two points at equal distances ; 
then draw a line with his rule thorough each of 
these points, which will be the required paralleL 
See Problem^. 

20. Join two points AJ^bjfa straight hne. Jig. 
1. — The monitor must mark two points in any di- 
rection, and the schol^ trace a straight line from 
one to the other* 

21, 22. Requires no explanation; it is necessary 
to exercise the Children to draw straight lines in 

. every directiou. 

23. Trace a line paraUel to another, through a 
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given painl. — After hairiog diescribed a right line, 
the monitor mnst miEu-k a point, through which 
the scholar shall draw a second line parallel t^ 
the first The position of this point must be cotir 
siderably varied. 

To draw parallels by the square, the monitor 
must place it on the tablet, so that one side of the 
triangle shall touch the line to which a parallel is 
required. Applying his rule to the other side of 
the triangle, he must lean on it with his left hand 
to keep it steady, and slide the square the length 
of the line, so that the rule shall always rest on it. 
The rule will then be in a position parallel to the 
line, and a line traced by it will of course be pa- 
rallel to the first. As the monitor wiM find it dif- 
ficult at first to keep the rule steady, he will do 
well to get one of the boys to assist him, by lean- 
ing gainst it, while he slides the square. 

This process being generally used, it is neces- 
sary it should be shewn. The monitor only 
should draw with instruments ; but the children, 
in seeing them applied, learn their use, and thus 
become able to employ them, and also to a(pt as 
monitors in their turn. 

24. Make an acute angle, jig. 7.-— 
It is necessary to distingiiish an an- 
gle from what is named a point or 
vertex. The angle is the opening or-'^'^ 
divergence of a line, A B, meeting another, A C ; 
the vertex is the point A, wher^ these lines cross 
each other. A compass, in which you gradually 
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draw apart the two J^, forms in this maiiDer |i 
multiplicity of different angles. It is the degree 
of divergence of the sides, which constituites the 
size of the angle^ and not the length of the lines 
A B, A C, which you may suppose to be pro?- 
longed infilnitively. 
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Conceive two lines crossing each other, as in 
figures 8 and 9, these will make four angles. 
These angles are right angles, if they are all equals 
that is to say, if A B does not lean more on one 
side than on the other, so that in folding the figure 
by the line A B, the straight line BC will. lie upon 
the straight line B D ; it is then said that A B is 
perpendicular upon C D. But if A B leans to- 
wards B G, the ahgle on one side is then less than 
on the other, and in folding the figure by the line 
A B, the side B C, no longer falling on that of 
B D, the space on one side will exceed that on 
the other. The smallest angle is called acute, see 
fig. 7, the other called obtuse. Therefore, a r^ht 
angle, fig, 9, is formed by two perpendiculars. 
An acute angle is smaller, and an obtuse angle 
larger, than a right angle. 

25. Make an acute angle, whose openings 4*^.— 
It is required here to execute the diffident posi- 
tions of the angle, jfi^. 7. 



tween the sides of an aDgl^ remaios jijjdefinite at 
^e apfi;^iDg; close tj^s fiipace ^y a right line, and 
you will form ^ triangle, 3 C I)» Jig. 18, a (igure 
WJhiph hw three sides and three angles ; the baae 
Q P, being considered one of its sjdes on whiclf 
it is supposed to rest; thpvjertex B, of the trjip^nr 
gle, is that pf the apgle ^hich i^ opposite to the 
base; the line A B, is the perpendicular drawn 
from the vertex to the base. A triangle is said to 
be an isosceles triangle, when it ha^, like that of 
fig. 18, two equal sides, C B equal to D B ; if 
the three sides are equal, it is an equilateral trian- 
gle ; if all the sides are unequal, it is a scalene tri- 
angle. 




First Glass — Second Part, 

• 1 . Draw a horizontal and a vertical line, ^e. 
Jig. 8.— The children having already learned to 
draw horizontal and vertical lines, they will exe- 
cute this right angle with great facility. The four 
problems which follow, are for the purpose of 
teaching to draw right angles in every position ; 
the monitor proves the accuracy of the lines, by 
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applying the square, or by the problem^ lie. 1 1, 
by means of bis rnle only. 

2 and 3. Draw a perpentUeUiar, 4^., trace two 
lines at right angles. — ^Tbese two questions only 
differ from each other in their terms. The thild 
traces a line, G D, fig. 9, in a direction which the 
monitor indicates with his rale, afterwards crosses 
the right line by one perpendicular to it. 
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4. Tiraiw arectasigie triangle, fig. 10 andlL—^ 
A triangle is thus named which has a right angle 
A, that is to say, the two sides A B, AC, per- 
pendicular one on the other. The base may be ei- 
ther horizontal or inclined, or you may take for 
your base, either one of the sides of the right angle 
(A C, fig. 10), or the longest side (B C, Jfg. fl). 
The pupils must be exercised to make these figures 
in every direction. 

5. Draw a rectanghd isosceles triangle,fig. 10. — 
It is necessary that the sides of the right angle of 
the rectangle triangle ABC, should be equal in 
fig. 10 ; the lines A B and A C are equal. 

fig.\% his. 
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6. Draw a rtcUmgU^ fig. 12* — ^We name thas/ 
the fig. A B C D, Which has four sides, of which 
the opposite sides are parallel and equal to each 
other, and its four angles right angles; it is what 
workmen call a long square. A B is named tlbe 
base, A C, the height ; care must be taken to as- 
sign specified lengths to these two lines, thus for 
instance^ io desire a rectangle to be traced of 12 
centimetres in the base, and 21 in the height 

A remarkable property in this figure, which is 
much used in practice, and by which it may be 
ascertained if the angles are at right angles, is, that 
the lines A D C B, {fig. 1 2 iw), which cross from 
one angle to the other, are equal : therefore, the 
'raimitor will easily prove it with his square, or 
eiren with his ruler, since A B should be equal to 
C D, A C to B D, lastly, A D to B C 

7. Draw a rectangUj and divide it in equal rect- 
angles, fig. 13. — It is only neceissary to draw per- 
pendiculars at equal distances from each othe^, 
such as a c, b d, &c. 

i.DrawaparaUelogram,seefig. 14. — The paral- 
lelogram has, like the rectangle, its opposite sides 
parallel to each other, but it may not have any of 
its angles at right angles. The perpendicular £ F 
is the altitude, A B the base. The rectangle, the 
square, and the lozenge, are species of parallelo- 
grams. See Nos. 6 add 18. 
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9. Draw a square,^* 15. — This figure has its 
four si()e3 equal, aqd its angles at right angles. 

Therefore, to recapitulate, if the opposite sides 
^re simply parallel, ^g. 14, with or without right 
jangles, the figure is a parallelogram; it is a rect- 
^S^^ ifig' l^P if the sides are perpendicular; and 
a sqiLiare {Jig. 15,) if they are besides a)l /our equal. 
L^stly^ when the four sides are equal, but that no 
angle is 9t right angles, the figure is a rhomboid, 
or lozenge, (see jProblem 18). As these different 
figures coDsisjt sin^ply of parallel and perpendici:|- 
lar lines, they are readily verified, and the figure, 
which ,the monitor should himself draw in his 
turp, i% easy to comprehend. 

10. Draw, two angles with par 
rallel sideSfJig, 16 and 17. — After 
haying drawn an angle, a second 
is traced by drawing two lines 
parallel to the sides. The length 
of the sides is arbitrary, the size of 
theanglenot depending on it. Two 
angles^ like those in ^^. 17, are 
said to be equal, not when their 
sides are of equal length, but 
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vfien tiie openiii^ of 4^e beieg applied to Ibt 
other, 4hey will 'fit exactly in the breadth of the 
^petiiogy though one «iay be longer than the othpr 
from ite vertex. Fig. 16 is inteaded to exeroise 
the ehildren in drawing angles with parallel sides 
in all sorts of positions. 

11. Draw oblique lines at equal distances from 
the perpendicular, (see fig. 18, page 28). — In order 
that the two obliques, B C, B D, should fulfil the 
prescribed condition, they must be of the same 
lengthy or the di«tsinees, AC, AD, at the base of 
the perpendicular should be equal. Nothing is 
more easy to conceive or to draw. 

12. Draw an isosceles triangle, (fig. 18, page 23). 
The triangle BCD, which has two sides, B C, 
B D, equal to each other, is an isosceles triangle. 
The perpendicular, A B, drawn from the vertex 
on the base, should divide thi^ base in half; the 
angles, C and D^ should have the same opening 
turned contrary ways. Therefore the pupil should 
draw th6 straight line CD, on the middle of 
which he will trace the perpendicular line A B ; 
after which he has only to draw the lines BC, 
and BD. 





13. Draw a scalene triangle, alhc^fig. 20, of- 
tenvards another, ABC, fig. 19, the sides of which 
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siall he parallel to those ofihefirsU — ^Tbis is eaay 
Id €Oiicfeiye» and ' requires no explanation. The 
t>pening of the angles are eqnal in both triangles^ 
and these triangles are called alike* The monitor 
should require that the first triangle a b c» should 
have its sides of a specified length, and that the 
second triangle should have its base of a given 
length, After having dictated the question, the 
monitor should name the number of centimetres, 
of which the base should consist, &c. &c. 

14. Draw an equilateral triangle, 
Jig. 21 . — The three sides are of equal 
length ; and the monitor should name 
the number of centimetres which they 
dbottld each of them measure. 

1^1 \%.—JDrim) a perpendicular line through a 
given point, ^g. 18. 

17. Draw a perpendicular line A Bj at the end 
^ the Une A C, fig:, 10. — These three questions 
diffar firom the second and third, only that in these 
tbiB. perpendicular is required to pi^us through a 
^g^ven point, which makes the execution of it more 
di^ult. The pupil mast draw his right line, mark 
the given points and then trace his perpen^ic^nlar 
line. 

fl8. Draw a rhonAoid, or lozenge, fig. 
22.*~The four sides are equal, as in the 
square^ but the angles are not at right 
«ngM ; draw two perpendiculars cross- 
ing each other, A D, B C^ 
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Let B £ be equal to £, A |; 
be equal to D E» the lines drftwn 
^2) to connect the four points A C B 
D, will determine the figure of the 
lozenge ABC D.^-If the perpeoh 
dicular tides A B, C D, are both of equal length, 
and at equal distance from the centre, the figure 
will be a square placed obliquely^ which is the 
question 19, fig. 23. 

20. Ihvw an eqmhteral triangle, 

^•fig* 24.— See whut has been said, 

*^\ / problem 14, — ^The equilateral triau'- 

gle may even be placed in different 
positions, which gives rise to problem 21. 

21 . The monitor names the direction to be given 
to the base line, and the number of ceotimetireB 
which it should contain. 

!BN _ ,^ Divide u right angle in 

half, Jig. 25.~In order that 
the angle A should be di* 
vided in two equal parts 
^ by a right line A D; tbe 
line A D, must be as much inclined towards the 
side A C, as the side A B ; if one conceives the 
figure folded on the line A D, each part will co- 
incide, A B wilMie on A C^ 

Let the monitor take two equal parts, A C» A 
B, let him draw the line B C ; the middle of B C 
will be thi& point D, where AD divides B C: B 
C will be perpendicular to A D, and the triangle 
ABC will be an isosceles triangle, as in the pro- 
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f^eib 1% j/lg. 18, (fmge id); Ii^w^ll therefore easily 
I'erifyit, if A D di^id^^s the ghen angle equally, by 
AeaHsurifig B D and D C, which he should find 
eqiid to each other. ThejSg^23, bis, is the same 
M HSj but turned cohfrai'y ways, 

23. If the given an^le should' not 

^ ^ "^ be at right angles, JSg. 2©, it '^rill be 
\ more difficult to divide in hal^; Irat 
-^ the verification wifl be' performed iti 
tliie same manner. 

24. DMble an angle, fig. 2d.-^The pupil must 
di«# a first angle by two lines AC, AT), fig. 25, 
Mterwards he should draw A B, and the line A D 
must divide the angle B A G in half, which may 
ht verified as in the former, and when the moiKttor 
watitd to trace the same figure exactly, he inust 
draw A D A C, fig. 25, forming the angle b6 is to 
<k>nble ; then tracing on A D, the perpendicular 
line BG, be will take BD equal to DC; and 
tbrougb the poiht B dras determined, he will draw 
A®. 

'- 25, i26i TPripU anangU, fig. 27; dimde an an- 
gU ik thre4 or in six equai part$^ fig. 28. 
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Nothing is more easy to c6nceive than these 
questions; but thMy are^ not so earsy to execute. 
They ^re giveir to the children only as' exercises, 
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Wbidh fcohtribute to form theif abtiiiracy ot ^J€] 
but the monitor not haviiig yet the n^ et tfae^^riDf^ 
tractor, nirill not be able to yerify them, w>f tb 
trace the figure himself, with the certainty 6f fteteg 
correct. 




Seconb Class. 

J . Draw two angles with per^ 
pendicular sides. Jig. 1. — After 
having traced an angle BAG, the 
pupil must draw the line t> £ 
perpendicular to the side A !B, 
then E F perpendicular to the 
side AC; the angle D £ F, thus fdrmed, is the 
angle required. It is to be remarked, thiat both 
the opposite angles A E, are acute, the others ob-* 
tiis^; and that if you prolong one of the sides, 
such as I) £ to T, the opening, F E Tf is the 
same as that of the angle A. 

2. Draw two triangles with per- 
pendicular sides, Jig. 2. — After hav- 
ing formed a first triangle, a second 
is to be produced by tracing, first, 
an angle wlifi perpendicular sides 
as above, and then closifag it by a perpendicular 
line on the thit*d side. 

i. Draw a irdpeiium, ^c. fig. 3. 
thfe figure AB C D, is named a 
trapeiidm. It fiisfoiir sides, of 
Which two are parallel, and are 
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called ^ bases, i^s C D and A fi; the nhitude 
% Pf is 9L perpendicalar from one to the other. 
The child must first trace the altitude £ F, thqn 
the perpaidicular lines C D, A B; each line ber 
ing of a specified length in centimetres ; lastly, he 
must close the figure by the lines AC, B D. 

4. Draw a polygon of 6 or 6 sides, 
^c.Jig. 4 asid 5, — The pupil must 
first marjc the vertices of these poly- 
gons, then join these several points 
by right lines, producing a closed fi- 
gure; or else he must trace successive sides, and 
to each the monitor should assign a specified 
length, and even the direction of the sides, by ap- 
plying his ruler at a distance from the tablet. 
When only one side remains to be traced, the pu- 
pil must close the figure. 

5. Draw two polygons with parallel sides, equal 
or unequal, fig. & and 6. — ^This requires no expla- 
nation. 






6. Draw a polygon and its dia- 
gonals, ^c. fig. 7. — Afker having 
traced a polygon, the child must 
coaduct straight lines from one of 
its angles to each of the others^ 
traversing its surface, and dividing it into tnm* 
gles ; these right lines are what are named dia^o^ 
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nah. . There will then only be to trace parallels 
to the difierent sides^ such as are seen in ^g. 7, 
and which are limited by the diagonals, and there 
will thus be formed a polygon similar to the first. 
The monitor may require that the interior polygon 
shall be first traced, and the exterior one after- 
wards ; in which case the diagonals must be pro- 
longed beyond the first polygon. 

Instead of the diagonals being 
taken from one of the angles, they 
may be drawn from a given point in 
the interior of the figure, as is seen 
in^^. 8. The 7th question will 
then be resolved, vi2. draw a polygeny and from an 
interior paint conduct lines to each of the angles. 






8. TVoce a polygon and diagonals, fig. 9, make 
as numy trianglest fig. 10, with parallel sides. The 
9th figure is easily executed ; to trace afterwards 
the 10th figure, the chfld must first draw one tri- 
angle with parallel sides to one of those in fig. 9, 
he most afterwards add a second, and then a third 
trian|(le to his figure ; still keeping his sides pa- 
raild to those oifig. 9, he will thus have con- 
structed a second polygon similar to the>£pst 
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9. Shew the height and breadth of thi hecto- 
litre of grain. — ^The two dimensions are equal, 
they are 50 centimetres, and one third. 





10. C&nstruct U triangular pyramid^ fig. II, 
Quadrangular pyramid, fig. 12.-*^ When right lines 
are drawn from ^ point, or common vertex, and 
terminate at the angles of a polygonal base, the 
figure thus fdrm^d is a pyramid : all the follow- 
ing figures, in the tablet of the sedond Clasd, are 
perspective; the figures, 11, 12, 13, and 14, re- 
present pyramids, whose bases are polygons of 3, 
4, 5, and 6 sides. The altitude of the pyramid is 
a perpendicular line, .which falls from the vertex 
on its base, as is seen in^^. 12, the base of the 
pyramid rests on the horizon; its altitude is a 
vertical line, which by means of perspective, may , 
be placed on any part of the base. When the 
base of the pyramid iB a regular polygon, and that 
the perpendicular line fells in the centre, thb figure 
is a right and regular pyramid; such are the 
figures 12, 13, and 14. 

The child must therefore draw a figure with 3, 
4, 5, or 6 sides fbr a base, afterwards m^rkifig a 
point beyond this figure for a vertex, he must con- 
duct a line from it to eacb of the angles ; or he 
may trace as many lines frotn a common point 
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taken as a vertex, and closing the space between 
them, form a polygon. 





Jl. Draw a right and regular pyramid^ fig. 13, 
and 14.^'^After having drawn a polygon of equal 
opposite l^idei^, cori*esponditig with each other,, as 
in ikktfig. 13 and 14, draw a Vertical line from 
the centime ; take one of its points as a vertex : the 
pyramid has its angles placed to correspond at 
each side df the perpendicular line« 

12» Divide a pyramid by a plane plahiUel to the 
h^A^i^fig. 12 and 14: the polygon thu^ formed, 
should have its sides parallel to those of the base. 
Trace lines from each angle of the polygon to 
their common vertex, on any point of one of these 
lines draw parallel lines to the base; the first 
lines forming the limit to which these parallel lines 
to the base should be drawn* 

13« 7Vac6 the frustum of a pyramid uHth pd- 
raUel bases^fig. J 2 and 14. — Two polygons, si- 
milar and parallel to each other, must be traced, 
one above, the other; the vertices must then.be 
joined by right lines, and the frustum will be 
compldbedi These last lines being prolonged, 
must meet in a point. In fact this figure is the 
same as^ the last; if the parts of the lines which 
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join the vertex, and are above the upper poly- 
goiiy be effaced. 






14, and 15. Construct an oblique triangular 
prism^ Jig. 16, or right ditto^jig. 15. — The prism 
is a body formed of two equal and parallel poly- 
gons ; the similar vertices are joined by lines, pa- 
rallel and equal to each other ; such are the figures 
15, 16, &c. to the 22nd. The altitude of the prism 
is a vertical line which terminates in two parallel 
bases. A prism is said to be a right prism, when 
the sides are perpendicular on the bases, fig. 15, 
17, and 21. 

The Child must draw a triangular base, then 
to finish the prism^ he must trace parallel sides, 
-and afterwards limit these lines by a second tri- 
angle, equal and parallel to the first. He will 
take other polygons for a base, and a similar con- 
struction will give the figures 20, 21. In general, 
if you draw right lines parallel and equal to each 
other, and that you join the upper extremities, 
jso as to form a polygon, and also the lower ex- 
tremities, the figure will be a prism, and the bases 
will be parallel and equal. Th^ children should 
be well exercised to draw right lines, which di- 
verging from one point, should terminate with pre- 
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cision on other given points ; or else, fall perpen- 
dicularly in given directions. 






16, IT, 18. Draw a right pardlleUpiped^fig. il, 
or oblique ditto. Jig. 19. — When the base of a 
prism is a parallelogram, the figure takes the 
name of parallelipipede, the six sides of which 
are parallelograms, the opposite pairs being equal 
to each other. 

19. Cimstruct a cube, fig. 18. — ^The cnbe is a 
parallelipipede, of which all the sides are equal 
squares, each square being at right angles t6 the 
one contiguous to it ; the twelve sides are equal 
and perpendicular, or parallel to each other. On 
account of the perspective, the diagram only shews 
the front, and back squares, those of the sides 
cannot be exhibited. The pupils should draw 
these two squares parallel to each other ; the rest 
will be easily executed. The children should 
practise to draw cubes in every position, in the 
same manner as they drew squares in the first 
Class ; and they should describe cubes without 
any angles, whether horizontal or vertical, when 
the monitor dictates it. 
« 20. Construct a cube placed obliquely. 

21, 22, 23. Divide a prism by a plane parallel 
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to its base, divide it in 2, 3, or 4 equal parts, double 
triple apri^m.fig. 21 and 22. 





When a prism is divided parallel to its base, 
tlie section that is formed is a polygon, equal and 
parallel to the base. One must repeat here what 
was said on the sections made in a pyramid, Nos. 
10, 11, and 12. When the plane divides the alti- 
tude in two equal parts, the prism is divided in 
half, and in the same nianner in a third ; and also 
to double the prism, it is only requisite to prolong 
the altitudes to another equal length. 

ItijUg. 20, the prism is lying on the horizon, but 
the principle remains the same. 



Third Class, 





1. Draw a circle, mark within it (he centre, a 
radius, and a diameter, ^g. I. — By regular prac- 
tice, the pupils should attain to drawing circles. 
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ftod marki&g the e^Qtres of them with an accoraey 
equal to that of the compass. It is with this in* 
strument that they should be verified by the mo- 
nitory and he should now be provided with it. 

A radius is a right line which is drawn from 
the centre to the circumference ; all the radii of a 
circle are equal. The diameter passes also through 
the centre, but it is terminated at both ends by the 
circumference, and divides the circle in two equal 
parts : a portion of the circumference is called an 
arc, or segment ; and the right line which passes 
from one extremity to the other is a chord, or sub- 
tense. 

2. Draw a circle^ the centre, or ike radius being 
given, Jig. 1. — Here the pupil should first trace 
either the centre, or the radius, in the position 
pointed out. It is then more difiicult to execute 
the circle than when this condition is not requii'ed. 

3. Divide a circle by tu^o perpendicular dianie- 
tersyfig. 3. 

4. Divide a circle into eight equal parts^ Jig. 3. 

After having formed the circle, describe two dia- 
meters^ one horizontal and the other vertical^ and 
die circumference will then be divided into four 
parts. To divide it into eighty each segment 
should be again divided into half; which is easily 
done by dividing each right angle into two equal 
parts, as the children have already learned to do 
in the first part of the first Class, No. 22. 

After a little practice, the monitor must require 
that the diameters should be iti a given directioi^, 
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so that neither of the two perpeDdiculars should 
be either horizoDtal, or vertical. . 

Id joining the points. thus obtained, by right 
lines or chords, yon form squares or octagons, iur 
closed within the circle, which are the problems, 
14, 22. 
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5. Describe concetitric circles. — In ^g. 2, all 
the circles have the same centre. It may besides 
be required that they shall all be equidistant; 
that is, that the diameter of the largest shall be 
cut in equal parts. 

6. Trace two circles, the diameter of one being' 
double or triple tha$ of the other. — ^This requires 
no figure or explanation. 

The monitor should always dictate how many 
centimetres the length of the radii of the circles 
should Inetisure. 

7. Trace an arc of a circle, and mark its centre. 

8. Trace an arc of a given radius^ fig. 4, and 
5. — It is easier to trace a whole circle than a seg- 
ment of one, as the eye judges better of the dis>* 
tance of the centre when the circumference is com- 
pletely formed; except for this difficulty, these 
problems are the same as the preceding. The 
monitor should very much vary the radii and po- 
sition of the centres. 
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9. Divide an arc in half, or in three parts, fig. 
4 aud 5. — ^This division of arcs into equal parts 
is of great use. The monitor should verify the 
figure by measuring it with his compass, if the 
distance of the points which are marked are the 
same, that is to say, if the chords of the arcs are 
equal. 





10. Trace a circle, draw a tangent, fig. 6. 

1 1 . Trace an arc, draw a tangent, fig. 7. — A 
tangent is a line which touches a circle, but does 
not cut it, or penetrate the interior of the circle ; 
it only joins the circle in one point of the line, if 
drawn as fine as it should be. One peculiarity of 
the tangent is, that if a radius is. drawn to the 
point of contact, the two right lines will be per- 
pendicular to each other. 

The monitor must verify this construction, either 
by applying his square, to be assured that the 
angle is a rectangle, or by marking two points on 
the tangent line, at equal distances from the point 
of contact, and finding, by his compass, that the 
points thus marked are at equal distances from 
the centre of the circle, as in the punctuated lines, 
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12. Draw four tangents to a circle^ Jhrming a 
quadrilator^ Jig. 8. 

13. Circumscribe a sqtuare on a circle. Jig, 8.— 
Four tangents surrounding a circle form a quad- 
rilator^ of which the monitor may give the length 
and position of two of the sides. When it hap- 
pens, as in^^. 8, that the four tangents form rights 
angles to each other, the figure is a square, and 
right lines drawn to the centre should be equal, 
and at right angles. When a polygon- is traced 
«o jets that all its sides shall be tangents to a cir-- 
cle, it is said to be circumscribed on the circle, or 
that the circle is infcribed M^ithin the polygon. 

14. Inscribe a square within a circle^ Jig. 9. — 
When a square has its angles placed on a circum- 
ference, it is said to be inscribed within a circle, 
or that the circle is circumscribed on the polygoii* 
There can be no difficulty here after what has been 
explained in problems 3 and 4. 

15. Double or tripk a segment of a drelCj fig. 
4 and 5.— An arc is first traced, and the centre 
marked ; it must then be prolonged to the lefigth 
required, still keeping within the line of the eir- 
cumfereiQce, which is ascertained by the compass. 
This is more difficult than question 9. See obser- 
vation after No. 37. 
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16. Jitaw a iemgMt to a circle from a given 
pointy Jig. 6 and 10.— In problems 10 and 11, the 
tangent is brought to a point marked on the cir- 
cumference ; but here the point is beyond the cir- 
cle, and this line should be perpendicular to a 
right line drawn from the centre to the point of 
contact. It is to be observed, that two tangents 
to a circle may be drawn from a point beyond the 
circle, as in Jig. 10, which is the object of problem 
1 7. Draw two tangents to a circle from an external 
point. AH these diagrams should be drawn with 
fine strokes, otherwise the tangent losefet itself in 
the coarseness of the drawing, and the figure be- 
comes confused. The position of the external 
point should be greatly varied. 





18. Divide a circle into six equal part^ for%k 
the regukiP hexagon, inscribed^ fig. 1 1. 

IQ. Divide a circle into three equal parts^ iMr 
scribe an equilateral triangle^ fig. 12. — These two 
diagrams are formed into one figure, to shew the 
rule more clearly. 

If you take the radius of a circle^ and carry it 
from end to end on the circumference, you will 
find that the circumference just measures six 
radii: mark them, and join these points with 
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chords^ and you inrill form a r^olar polygon of six 
sides, Mrhich is called a hexagon ; if you draw the 
chwds only from every alternate point, you will 
have inscribed an equilateral triangle. 

20. Draw two unequal circles, the tangents ex* 
temal.Jie. \i, the tansenls internals He. 14. 





21. The same figures,firstg%vif^ the centres and 
point of contact. — When two circles touch each 
other, whether internally or externally, the point 
of contact and the two centres are in a right line; 
this condition must be observed, and also the line 
of circumference be perfectly correct, to be assured 
that the two circles touch each other, the monitor 
always insisting on the pupil's making fine strokes. 
The manner of dictating this problem should be 
much varied, either by giving the radius, and 
leaving the pupil to choose the centre, or by mark- 
ing first the centres, and the point of contact, or 
by giving a point through which the arc shotild 
pass, all these modifications by which this pro- 
blem may be combined with the conditions of 
those which have preceded, and are to follow it, 
are left to the sagacity of the teacher. 

Remark, that if you draw a tangent to the two 
circles at the point of contact, it will be perpendi- 
cular to the right line which joins the two centres. 
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A r^ular polygon is that, which having all its 
sid^s equal, has also all its angles equal. When 
such a polygon is inscribed in a circle, the sides 
fire chords of equal segments of the circle, and 
the vertices cut the circumference into equal 
parts. 

22. Inscribe a regular oeiagOH in a circle. Jig. 
15. — Draw two perpendicular diameters, divide 
each quarter of the circle into half, and join these 
points, see problem 3. Here the only difficulty 
consists in the necessity of drawing with, fine 
strokes, which will not get confused at the ver- 
tices of the angles. 

23* Inscribe a reg%dar pentagon in a circle, fig. 
16. — It is difficult to divide a circumference into 
five equal segments, and the object of this pro- 
blem is to exercise the popils in doing so, the accu- 
racy of the division is ascertained by the compass. 

24. Trace a regular polygon of five, six, and 
eight sides, without forming a circle, fig. 16^ 12^ 
15. — ^There is great difficulty in executing this, 
but none in. comprehending, or in verifying it 





46 

25. Form a triangle^ and describe the eireumr 

scribed circle, fig. 19 First trace a triangle, after 

which describe a circumfereDce, which shall pass 
through the three vertices. This figure is difficult 
to execute ; to assist in doing so, draw a perpendi- 
cular Hue on the middle of odfe of the sid^ Of the 
triangle, atid a isecond fhhn dbother side; these 
two ^perpendiculars will cbt eaCfa other, and the 
point of intersection Will be th^ e^ntre: it is by 
this process that the ttiOnitoi^ f»faoUld dr^W hi€» own 
figure, using the square and compass to exisCUte 
it with perfect accuracy. 

26. JFbrm a circle^ and ttaci a tangent trianglif 
fig. 18.— Three tangishts to a clrclfe, n^hii^h Bhali 

inclose it in the form of triangle^ are easy to trace; 
but this monitor must render St more difficult, by 
giving the required direbtioUs Of the tangentii; 
however, the tangents must always be pel*peDdi- 
<^ular to the i^diUik of l4^t Iitt« dfiiWfi f^ool the 
centra to the point 6f cont&ct, a» iu th« problems 
II tod 16. 

27. A regvk^r potygoh being givm, tittdt n tircle 
wkieh shall pass through ail its vMit^s^ fig. 9, II, 
12, 15, and 16.— The diffiOuliy Of taicing a regu- 
lar polygon without fbrtfiing a circle, has already 
been conquered in problem 24; there only remains 
now to trace the circutnscribed circle. 

28. Inscribe a circle in a triangle, fig. 18. — . 
This problem is the inverse df No. 26 ; the trian- 
gle is given, the tangent circle is afterwards to be 
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described, which presents a much greater di£G[- 
culty. Remark, that if from one of the vertices 
you draw a right line, which divides the angle in 
half, and also draw a second line in the same 
manner from another of the vertices, the point at 
which these right lines intersect each other will 
be the centre of the circle* The monitoi" must 
fond his own diagram by means of th^e lines : 
the radiiis of the circle is the perpendicular^ which 
is aftetwaNliii drawn from the centre to either of 
the sides, for the three perpendiculars should be 
equll> see Ob». No. 37^ 

29. Farm an arc which shall pass through two 
given poinh^ mark Hs centre nnd radius^ fig. 4 and 
.17.'^ After having marked two points, it remains 
to trace a segment of a circle which shall pass 
from one to the o&er/ The centre should be 
found Ob some part of the perpendicular, in the 
middle of the chord which joins the two given 
points ; but in fact, the centre may be taken on 
any part of that perpendicular line, so that there are 
an infinite multitude of arcs which pass through 
4he same two points. The pupils must, (here- 
fore, be required to mark the centre of the arc, 
v^hen tbey have acquired some facility in this 
problem. It is easy to conceive this Inultitude of 
arcs wbi<:h pass through the two points given in 
fiig. 17, and to understand the following problem, 
which should be executed with fine strokes of the 
pencil. 
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30. Make several arcs, which shall pass through 
two given points. Jig. 17. — ^The centre of these 
arcs must be marked by the pupils, which centres 
are all on the perpendicular line which divides the 
chord. 

31. Porm a circle which shall poAS through three 
given points. 

32k Form a circle to a given triangle, Jig. 10. — 
These two questions are the same as the 25lb, 
but conceived in different terms. Among the 
multiplicity of arcs which pass through two of the 
given points, thiat one should be preferred, which 
has the property of passing also by the third, and 
th^e is but one which does so ; the 25th problem 
shews the method of forming it, and which the 
monitor should adhere to, either to correct the 
drawings df his class, or to draw the figure him^ 
self. It is intended here, only to regulate the 
hahd and eye of the child who, by practice, should 
arrive at selecting at a glance, among all these cir- 
cles, that one, which passing through two given 
vertices^ shall also pass through the third. -r-See 
Obs. No. 37. 
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33, Having a circle given, to circumscribe on it 
a regular and irregular polygon^ Jig. 20. — Draw 
different tangents to the circle wbicji shall srar* 
round it, but if the polygon is to be regular^ that 
is to say, if all the sides shall be equals and the 
angles equal, the points of contact must be at the 
centre of. the sides, dividing the circle into equal 
segments ; in this case, the lines which lead from 
the centre to the angles, should divide them all in 
half, and be equal to one another. 

To produce a regular circumscribed hexagon 
for example, the circumference is cut into six 
equal arcs, as if you vt'ere going to inscrfbe this 
polygon, and to each point of division is drawn a 
tangent. Radii may also be drawn to the six 
points of intersection, and be prolonged: then 
from each of the angles thus formed, lead a tan- 
gent to the centre of the intersected arc. 

34. Having a regular polygon given, inscribe a 
cube. Jig. 20.r— This problem is the inverse of the 
preceding one: trace first the regular polygon, af- 
terwards describe the tangent circle to all its sides: 
the centre of the circle is found by dividing two 
angles into half, or else by drawing perpendicu- 
lar lines from the middle of two sides, for 9II these 
right lines will meet in the centre. . 

E 
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35. Inscribe and circumscribe to a circle, partd^ 
let polygons^ Jig. 21. — After having traced a cir- 
cle, inscribe a polygon; afterwards circumscribe 
another, by means of a succession of tangents pa- 
rallel to^the chords, and drawn to the middle of 
each arc; or the pupil may commence by the ex- 
terior polygon, and 'then proceed to the interior 
one. Observe, theit if one of the polygons be re- 
gular, the other shall be so also; and that by pro- 
longing the r^ht lines ivhich pass through the in- 
bribed Vertices from the centime, 'tfa^ will also 
jpass through the cil'cu Inscribed vertices. 
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36. Form a triangle, the' three tides of which 
are ^Vew,^^. 53.— Trace three right lines at plea- 
sure, a, b, c, which ihall be fte sides of the trian- 
gle (their lengths may also 'be given in centime- 
tres) ; draw first ihe^batfe/,^, equal to one of the 
«ides as e. The vertex must tticin be found, so 
that its distattfce frota /"and g-, 6hall be as the 
quantities a and b. To ciorrecit or construct this 
figure, the monitor must describe from'ihe centres 
/ tod g, the arcs of circles d, with' the legs of his 
compasses set by 6 and c; the point of intersec- 
tion of thei^e two arcs is the vertex sought for. It 
is to be remarked, that the Iwo ar6s of the circles 
may perhaps not cut feach jpther ; but in this case 
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the fMTobldin would h» ahsard, as BOitriangle could 
be ibrmed« £a<ib ^f the lioes shauld be shortcx* 
than the length of the two remaining lines added 
together. 

37. From the paint a, draw the right line a d, 
parallel to b c, jfig. 24. — From the centre a, de- 
scribe the arc cd; then from the centre c, where 
thiis.afc cuts the ijigbt dioe be,, aad (T^ij^h .tb^ 9ame 
Qpeoing qf 4he /QompfL«^> trace ^ ^eqopd arcn^fr: 
Jwtly, marjc ^he dlstAPce ab, <9)L^4f ia^^.^^ 
ad. Whk .problein is of very )geofr$^I ucff^ ;a4id 
iirb^a the monitor rbas es^ecv^^d it tbtee or lou^ 
times with rtbe ;rule and cpmpmus, the chiklF^f 
wfbose aigbt ba^ be^n foi^mejl to measure ^rc^, 
will be able tp fqrm this figure iUMrrectly, without 
the assistance of either of these instrumentis. 

\Oh$ervfrtiim^'-^t often ;happens thsit the sam^ 
figure serves for different problems; for e^cainple, 
to insimbf a eivcle in <i triangle,, pr i^irf^micribe a 
triangle to a circle^ we rcifer to ^fig. 18, ,and ^also 
to cirimnMcribe a ^^€ie mA prntiogp^f ipr inserifte 
apent/tgonin a circle^ we eq]uially^refer.tOj^^. 16. 

Tb^ g^pm^trical methods, pf resolving tb?se pro- 
blpms should be Hnown tp thje mpnjtprs, and 

piACtised by them in their correctioqs ; bow^Ter, 
as it frequently happens in. the prpblems ths^t re- 
quire the s^me figure, . that there is pne more ^^asy 
thaa the others, the monitpr may often be p^c- 
mitted to tracpf^e fign^p by th^s Ia$t metbpd, by 
whichbe.wiU be ^oy^bled, to correct thei^latei^of hi^ 
class with grqat, rapidity ; ^nd the children havjpg 

£ 2 
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the exact figure before them^ will attain the idea 
of accuracy, that is required of them, which is all 
that is necessary. 



Fourth Class. 

■ 

As the figures now become more complicated, 
in order to avoid a useless increase to the size and 
price of this volume, it has been considered ad- 
visable not to accompany the text with the dia • 
grams to which it refers. It will therefore be ne- 
cessary, in reading this and the following chapter, 
to study at the same time attentively, the sheets 
of engraved diagrams which belong to the fourth 
and fifth classes, and the teachers must learn to 
understand the figures according as they read the 
explanations. 

]. Trace a right line, which shall touch two 
circles, fig. 1.— The radii dra^cyn to the two points 
of contact, must be perpendicular to the tangent, 
•and consequently parallel to each other. Ob- 
serve, that the given circles may either intersect 
or be separated one from the other, the class 
should be required to execute the problem under 
both these conditions. 

When it happens that the radii of the two cir- 
cumferences, fig. 4, are equal, the tangent is then 
parallel to the right line which unites the centres ; 
therefore, from two centres taken at pleasure on a 
given line, and with the same radius, trace two 
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arcs ; tbe right line, which shall touch both ex- 
teraally, Will be parallel to the right line of the 
centres. It is also a method of resolving the fol- 
lowing question^ draw a right line parallel to an- 
other right line. 

2. Describe four tangents to two circles. — It is 
sufficient to inspect ^^. 1. to perceive how thes6 
four tangents may be drawn ; two external, and 
two internal. It is to be observed, that the right 
line which joins the centres, contains also the 
point where these tangents intersect each other. 

3. Add two sqvi^resyfig. 2 and 3. — These figures 
present two rectangle triangles, on the sides of 
which the three squares are constructed. The 
two small squares have this remarkable property, 
that one side of the square is precisely the side of 
the triangle^ while the next side is a prolongation 
of the other side of the right angle; if to the longest 
side of the triangle you draw a semicircle, it should 
pass by the vertex of the right angle. 

Now it is an axiom in Geometry, that the largest 
of these three squares contains a Surface equal to 
that of the two other squares added together. 
Therefore, to add two given squares, form a right 
angle, and on its lines form the sides of these 
squares, these are the shortest sides of your rect- 
angle triangle ; draw the third side of the triangle 
to your right angle, and which will be the hypo- 
thenuse or longest side ; this will be precisely the 
side of the square sought fbr. In finishing these 
three squares, as in fig. 2 and 3, you will have 
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th/e additioir yoti v^ete reqaired to make, tie large 
^flkLH eqmls ike Wo sMali ^quares^ and the larg^e 
sqaarre being: gfiv^n, the sxmXX ones dre added, ot 
tbe t#o limatt squares being ^ven, the large ome 
is added, which is equal to the two i^tiialf squared. 
It i^ cleftf thtft tf the two small squares dre equals 
the large squfate will be double of each of the 
^mA\ duei^, ^s is seetK in fig. 3; the problem 4. 
Difubh <k iqukre is therefore tinderstoodi 

5. SitbttAct 0n4 sq^HcU'efrom another. --A( on (be 
contrary, the large square and one of the small 
etiei^ are given, it ii^ eady to find the other, in 
d^livitig the redtangle triangle according td theise 
eiaiinpl^. The hypotheuuse, or longest side, is 
first 4t^^tk, ilbtf this beitig take^ Ibr a diameter, 
ti^ace a sefaiiicircle ; mark a point on this semicir- 
cle^ se that a chord drawn from it to the extremity 
of the diameter, shall be the length of the otheo^ 
given square ; an Opposite chord, which cotQfiletes 
the triangle, will be the length of the square sought 
for. In fortning the squares, fig. Ai the subtrac- 
tion which has been made is e]i:hibited, the great 
s(|ttare, less by one of the stidall dne&, gives the 
other as the remainder^ 

If you take a point on the circumference^ at 
e^nal distances from the two extremities^ the two 
chords ^U be equal, and the reetangle triangle is 
ati isosceles triangle^ as is seen fig. 3 \ so that 
the tvio sinall squares are here equal to half the 
large square; the sixth problem is therefore ex- 
plained, viz. 
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6, TaJlc0 the half qf a square, Jig. ^. 
. 7. Add three squares^ Jig. 4.— Th& construction 
oijig. 2. %^Vfm to add two olthe proposed squares, 
there remains to add a third to the sum ; this re* 
quirep another rectangle triangle, which shall have 
for one of the sides of its. right angle the hypothe- 
W^^ of the preceding angle, as ia seen in fig. 4. 
One may afterwards add a fourth square, &c. 

8. T!rifle a square, fig. 4.— ^This problem is 
easy to resolve, after what haa been explained, 
^hep a square has been doubled, if to this dou- 
^. i^q^are you add the square proposed, you will 
have tripled this last; therefore, by repeating a 
9^%Q0n4 time j%. 2, you will have cesoWed the 

problem. 

^. Construct a protrastor^ fig. S. — It is agreed 
to divide all semicircle^ large or small, into 
IQO c^qual parta» which are named d^rees; a se- 
micircle thus divided ia named a protractor. Af^ 
ter havii« traced a semicircle and its diameter, 
draw ^e perpendicular radius, and divide eaoh 
qqartcir of Uie circle into 8Q equal parta; it has 
already been shewn, that the right angle intersects 
^1 90 ^^rees^ th^ half right angle intersects at 45 
dfgre^> from which it ii; 9aid that a right angle is 
90 degre^t ^ half right angle 45 degrees; in ap^^ 
plying the itadiqs on the circumference, it will 
contaii) jutjit one^tbird of the half of the circum- 
ferfaiqe, and eaqh arc will be 60 degrees. The 
diffeT^m^e between this arc and the fourth of the 
Qjrcle, is 30 d^S^^s, and with the half quarter 15 
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degrees ; therefore, the half circle is in this man- 
ner easily divided into distances of 15 degrees-; in 
catting these arcs of 16 degrees in three parts, the 
curve will be divided into distances of five de- 
grees: lastly, dividing these into five each, the 
protractor will be completed. 

It is necessary for the proof, that the monitor 
should measi^re with a compass if the principal 
divisions cut the curve accurately into equal arcs. 
To save time, a protractor, whether in wood, or 
brass, may ;be used for this purpose. The semi- 
circle traced, may be either of a larger or smaller 
dimension /than ,the. instrument, but by applying 
this latter on the tablet, so that the diameter and 
centre of the protractor shall agree with these itx 
the drawing, and passing a rule along the instru- 
ment .through its div^isions, one end of it being 
fixed in the centre of the protractor, you will as- 
certain the correctness of the figure: - 
• 10. Produce an angle of 36 degrees, of §0 cfe- 
^re£*, ^c. j^". 5.— Draw first a protra;ctor, after- 
wards trace the radius which leads to 36"* or 50^ 
&c.; the angle thus formed, willbethat required. 
The obtuse angle, which is of the side opposite 
to the.radius, will be 144**- or ISO*", by subtracting 
36^ or 50"^ from 180°. Observe, it is not necessary 
to dr^w the rwhole protractor, but to mark the 
gradations only which lead to those required; for 
36° for. example, the radius carried on the circum- 
ference gives an arte of 60°, its half is 30°, to which 
it is necessary to add six parts, or the fifth of the 
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arc of 30 degrees. The line traced, jig. 5, gives' 
the angles of 36"" and 144^ If it had been pro- 
posed to make the obtuse angle 144^ it is plain' 
that it would have been sufficient to have made 
one of 36% which would have given the other. 

1 1 . Construct a sphere and its meridianSy Jig. 6: 
— After having described a circle to represent the 
sphere, and two perpendicular diameters, of which 
one, tlie Equator^ is a line at equal distances from 
the two extremities called Poles; and the other, 
the axis which connects the Poles ; trace arcs of 
circles which shall all pass through the Poles, and 
the centres of which shall consequently be situated 
on the line perpendicular to the axis, prolonged 
to right and left, (3d Class, No. SO.) these centres 
of arcs are distant from each other, in proportion 
as they approach nearer to the axis. The num- 
ber of these arcs is arbitrary, they must be formed 
like those in the diagram, more close to each 
other towards the exterior, and alike at both sides 
of the axis; these arcs represent different circles, 
of the sphere in perspective, which are nanaed 
Meridians^ 

12. Construct a sphere^ and the small circles 
which divide it into zones^ figJl.-^Aiiex having 
described a circle, and its two perpendicular dia- 
meters, divide the circle into equal arcs, taken 
from the poles; for example, of arcs'of from l?Vto 
15 degrees, join the points placed on the circle, 
at equal distances from the pole, by segm,ents of 
circles, of which the concavity is turned towards 
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di&poIe» as is seen in j%*. 7; the ceiitBes of these 
circles will all be on the axis prolonged beyond 
the sphere, and receding from the pole Ul pi^poiv 
tion as they approach the eqeoator, the space eon- 
tained between the arcs is called a zone; these 
zones represent the smaU circles, which are ob* 
tained by diriding the sphere by a plane perpen^ 
cKcttlar to the axis. 

1$. Draw an atlas.'-^Tlds figure is the same as 
the two preceding cmes, united into one drawing, 
as if one had been traced on the other. 

14, Construct «» ElUpse^ fig. 9 and lO.-^Am 
ellipse is the curved oval which, is seen in the 
diagrams, and which may have a more leagthened 
katm^ such as^^. 11 to 1& First, draw two pem 
pendicnlar right lines, tak^ eqnal parts abpve and 
below, and the same to the right and left, from the 
point of intersection or centre of the ellipse ; these 
parts, which in the circle are all equal to each 
other, are bwe only equal in pairs; there is, there^ 
£Eire, the great and small diameters of the ellipse, 
which are called its large and small axes : the ex-> 
tremities of the first are its two vertices. 

it remains now to draw the curves by imitating 
the diagrams, without any unevennesa or interrupt 
tion of the line ; the four segments formed by the 
two axes, should be perfectly equal, inasmuch^ 
that if you folded the figure on its axis, the parta 
wh^i lyin^ on each other, should exactly coiar 
cide ; with respect tp the rigorous outline of the 
curve, according to the methods of Geometric 
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ciads, it is^ not nedeisdary tee should attentl to it ; 
it i»' finffieient if the gtacefal outline of the dia- 
gratnsi be feithfolly inrit^ted. The length of the 
two axes shouM be m«ch taried^, afid the mamtor 
shiottld exprem tbem> in e^ntitnetyes. 

tSf IQ^ Traee a cone^ 66liqm,fig. 11, fight, fig. 
12.*^Take a ekrcle fof a hase^ and above this plane 
a point as a vertex : imagine a right line passing 
tbraugfa tbisr pohut, turning without quitting it 
round the cfrcumference; this ttioving right line 
will describe a tomt. It may be called a pyramid^ 
whose base is a circle. A loaf ef sogar is of a co- 
nidal form. The perpendicular line from the ver- 
tex to the base, is the altitude of the cone ; and if 
this perpendicular falls exactly in the centre of the 
circle, the cone is a right cone. The perspective 
in changing the apparent dimensions of the body, 
gives to the base of the cone the figure of an ellipse. 
The di^wing can offer no other difficulty than that 
of forming the curve. 

17, 18. Draw a right cylinder y fig. 13, oUiquej 
fig. )4i-M)n two parallel planes, one above, and 
the other below, trace two equal circles, so that 
a right line or axis should pass through the centre 
of bothi If you conceive a moving right line which, 
without ceasing to be parallel to the axis, shall 
tum on the ttro circumferences, the space inclosed 
by it is what is called a ctflinder, it may be called 
a ftismf whose bases are circles ; the altitude is 
the dtstan<^ which separates the two circular 
bases, that is to say, the perp«idicQlar drawn 
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frovn one to the other ; if the axis should be this 
perpendicular, the cylinder will then be a right 
cylinder. The walls of a well form a cylinder. 
Here, as in the cone, the perspective changes the 
bases into two equal and parallel ellipses. The mo- 
nitor must express the length of the axi3 of the 
curves, and the axis of the cylinder in centi- 
metres. 

19. Drawalilre^ a boisseau, an hectolitre. — For 
grain and solid substances the height and diame- 
ter are always equal ; for liquids the height is 
double the diameter. 

Thefollowing^are the heights orratfaer the depths. 

1 . ^For. dfy • substances. 3. For liquids. 



Decilitre or poisson 

Litre • 

Boisseau • . , . ..35 centimet.. 
Decalitre or velte . . 23 centimet. J- 
Demihectolitre ... 4 decimetres 
Hectolitre.. fiO centimet. -f 



8 centimetres. 
17 cent. 



. . 37 cent. 
. • 63 cent. \ 
. .80. cent. 

. 20. ,Drcm a section parallel to the base of a cone 
or a cylinder J Jig. 11, 12, 13,. and 14. — This sec- 
tion • is a. circle, which, seen in perspective, pre- 
sents the appearance,. of .an ellipsis ; such as is 
drawn in the diagrams. 

21. Double a cylinder, ^c. Jig. 19 a«rf 14.-— 
What hasi been before said on the prism, (2nd 
Class, No. 21, 22, 23,) must be repeated here, 
for the cylinder is only a species of prism with 
circular bases. 

22. c Form a cylinder, whose asces shall be hori- 
zontalyfig^ 25.— The diagram sufficiently explains 
the meaning lof this probleu^. 
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Fifth Class. 

The figures of the fifth Claims are composed by 
the combinations of those lities' M^hich haTe been 
formed in the preceding Classes, viz. the horizon- 
tal and vertical line, circular arcs, and elliptic 
arcs. It is a fact allowed by all persons of taste, 
that an outline can only possess grace and beauty 
in proportion as its parts form simple fractions of 
the whole; the half^ the third,- the fourth, are 
nearly the only fractional parts which please the 
eye; beyond these we can no longer estimate the 
proportions, and every thing becomes confused. 
We shbuld adhere to those proportions and lines 
which are familiar and pleasing, for which rea- 
son curves should not be joined so as to form 
angles, and all sudden breaks in the line should 
be severely interdicted. Those superficies, which 
are called revolutions^ because they are conceived 
to be produced by the motion of a curved line 
round an axis, are the most pleasing to the eye; 
every section perpendicular to the axis, is found 
to produce a waving line, or that curve: which has 
been styled the line of beauty. The outlines in 
the fifth sheet of Engravings have been, drawn 
on these principles; all the lines necessary to as- 
sist in drawing the parts are dotted, the centre^ of 
the circles^ the axes of the ellipses, are thus marked. 
The pupils must rub out their dotted lines. when 
their drawings are finished ; and as they become 
more expert^ they should endjeavour to form their 
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outlines without this assistance of dotted lines. 

As to the corrections, they should generally be 
made by the monitor, witli the lielp m£ ihe injiler 
and compass; but as^he^must avoid wadkiag time 
on these operations, weorecommend thcrtMierfigmre 
only should be drawn at each drittii^ixf/ttieidaas; 
mfhtch figure must be repeated a^inand again, 
(«xc^t the^g. 1, 2, 3, which lareitoo simple tto 
require this ^practice). The ibtesest jwifaich the 
children take in the exercise, will prenrent th^ir 
feeling iat^ue from these repetitions; by tys 
means there will be but one correction <to make at 
•each sitting. 

1, 2, 3. 2Vae« 4^ ,01ft, Jig. I. Astragal^ ifig.H. 
Otfolo, Jfig. 3.*-^'Xhese mouldings are so easy to 
conceive, that tbey require no explanation; they 
may be reduired to horizontal lines, vertical lines, 
and circles, of which the dotted line shews the 
radius, 

4. Ih'aw a terns with its fiinth^ Jig. 4.-^T4ie 
'torus, «which is seen terein profile, is a large 
moulding usually plaeed at the base of columns. 
Tlie> torus has its diameter vertical and piu^l^l to 
tiie axis of the pillar; it is produced by a semi- 
circle which formsdts revolution round this axis. 
The plinth is a short cylinder which supports tbe 
torus. 

5,6. JDrawa ^gfltarter round, cr enohj^wiA its 
JiUts, rjig^. 5 cftid 6. 

7,8, ^aw a talon eragee, sHm^ht or rsvm'sedy 
Hioitbiits JUets,Jig, 7 and Q.-^The profile of the 
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talon Or ogee is formed by two arcs of circles, 
united end to end, and of which the centres are 
placed on the two sides of the right line which 
joind their extremities. This line which is dotted^ 
is intersected in the middle by the arcs of the 
circles^ and each half being taken as the base of 
kn equilateral triangle, the vertex of this triangle 
forms the centre. The right line which joins the 
two centres, passes through the point of union of 
the two arcs, the middle of the first dotted line. 

9, 10. Trace a cyma recta^ straight and re- 
versed^ fig. 9 and 10. 

11. AH these mouldings are easily understood, 
they are generally executed in the: position shewn 
in Plate V^., but the ipupils should be exercised to 
trace them in the opposite direction, facing th^n 
towards the left. 

12. Draw a fitower vase, fig. lil. — ^This vase is 
formed of parts, whose relations are perceived on 
mere inspection ; right lines, and arcs of circles, 
are united in. proporti<ms which are easy to esti- 
mate, 

AZ^CUmstruet a pedestal, figA%. — Here the arcs 
uniting end to end, belong one to the ellipsis, and 
the other to the circle ; the centres and axes are 
dotted. 

The succeeding questions require no - explana- 
tion, as an in8|>ection of the figure will shew the 
dififerent lines of which they are composed; one 
should conceive that all these lines turn round an 
axis to produce a revolving body. 
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PROBLiEMS 



OF 



GEOMETRY AND ARITHMETIC. 



Xhe art of lineal drawing is of paramount utility 
to the lower ranks of society. The schools of 
mutual instruction are wholly devoted to elemen- 
tary instruction, and since the science of calcula- 
tion and acquaintance with geometrical figures 
have become parts of that instruction^ it is neces- 
sary that these acquirements should not remain 
unprofitable to those who have obtained them. It 
is easy to unite two branches of education so im- 
portanty and which have so much analogy to each 
other. Artisans should be enabled to make the 
calculations relative to their work, under what- 
ever form it may have been executed ; to draw out 
their own estimates, to calculate the price and the 
quantity of materials necessary ; in a word, to 
make all the valuations which relate to the trade 
they follow. Under these considerations we shall 
unite in one system the simple principles of Geo- 
metry and calculation, and the series of rules and 
problems which are most frequent ; to which we 
shall subjoin numerical examples, to shew the 
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application of these principles. The teacher must 
copy these rules/ which should afterwards be cq- 
pied by those scholars who have passed through 
the five Glasses of drawing, and are the most ex- 
pert at calculation ; they must be formed into a 
Class of Arithmetic. This occupation will not 
only be agreeable to the children, but will take 
off from the drynessof calculations, in which there 
appears no object^ by occupying them with pro- 
blems which are manifestly useful. 

Themles to be copied are printed in italics in 
the most concise form, and to each a numerical 
example is given, which also shews its appliea- 
tion. It is for the teacher to see these examples 
execrated, and to multiply them greatly, by chang- 
ing the figures at his pleasure, but still retaining 
the same form in which we shall state them. 
These little problems should be given by the mas- 
ter in writing. 

, It is to be regretted that the instruction of arith^ 
metic in the schools should be so confined; had 
it been more extensive^ there are a multitude of 
useful and curious questions which might have 
bieen included here; such as proportional lines, 
square roots, &c. But as this is not the place tp 
reform this part of elementary instruction^ we have 
confined ourselves to those problems which uaay 
be resolved by the four common rules. This has 
very much contracted the usefulness of the work, 
but such as it is, we hope it may fulfil the object 
we have had in view, and only mention what we 

F 
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coDsider a defect, with a hop6 to engage those 
trho direct the instrabtioti of arithmetic, to extend 
the bounds within vthith they have confined them-' 
selves. 

Before we proceed forther, let us shortly re- 
peat the names of the measures^ the manner in 
which their subdivisions are expressed in cyphers, 
and the process by which they are calculated. 

There are five difibrent measures : the unity of 
length is called melri; that Of surface, are; the 
unity of wood measure, H^ef tnat'df ca;pacity, 
litre; and lastly, that of weights, grdin/ifne. 

To denominate the multiples of these unities, 
you place before them the words myria, ten thou* 
solid; kilo, thousand; hecto, hundred; deca, ten. 
The subdivisions are designated by mili^ f Aoi^ 
Sandi cetktiy hundred; deci, ten. 

These few words suffice to denominate all the 
measures ; they are subdivided by decimal num- 
bers : the myriogramme is worth ten kilogrammes, 
the kilogramme ten hectogrammes, &c. 

The numbers are written in the same geometrical 
manner as decimal fractions ; a stop being placed to 
the right of the number which expresses the whole 
numbers chosen as unity, which stop separates the 
fractional parts to the right. The place which the 
stop occupies, is of great importance. If I have 
to express 15 metres 34 centimetres, 1 may ei* 
ther write 15,34 metres^ or 153,4 decim^tres^ or 
1534 centimetres; in displacing thus the stop, you 
make the number 10 or 100 times greater ; but 



ibe unity employed io exppcw the mnaber beittgi 
10 or 190 times les% th& laoguagei and ^ritiag 
has changed without altering the Talue^ In the 
same manner 548,27 litres are equai to 54^327 de* 
calitres, and 5,4327 hectolitres. The teachers 
must study tjb^se numbers so aa ta be able to 
read them witb facility; but the Gl^fnes will rea- 
dily acquire them by the practice which their pro- 
blems will afford. 

In Addition and Subtraction, those parts which 
are of the same denominatioo, should be ranged 
under the same column; and the sam is gene- 
rally conducted as if there were no decimal frac- 
tions: the stop is afterwards placed in the range, 
and under the column of stops. The following 
examples will explain this rule. 

Addition. Subtractions. 

432,1784 334,15 30,4 

17,231 187,3 19,28 



9,4 

83,512 186,85 11,12^^ 

7,0 



• m m .^.p a. 



£i4^3^14 

Multiplication is also conducted as if there was 
no stop^ but it i^ placed in the product so as to se- 
parate aa many decimals to tl)^ rights as there 
were in the multiplier and sum to be multiplied 
united; to multiply 4,37 by 2,3, I proceed as if I 
had the number 437 and 23, which gives the pro- 
duct 10051 ; [ reckon two decimals to one of the 

F 2 
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numbers proposed, and one to the other, in all 3: 
I therefore separate three cyphers in the product, 
which DOW gives 10^051. 

4.37 188,2 

^3 . 0,34 



131 1 7828 

874 8664 



10,051 43,968 

' For division, add zeros to the right of the num-' 
ber proposed which has the fewest decimals, so 
that the divisojr and dividend shall have an equal 
number ; suppress the stop, and divide in the 
usual manner; a& soon as the quotient of the 
whole numbers is procured, place the 9top; there 
now remains to find that of the decimals: put a 
zero to the right of the remainder, and divide it, 
you will obtain the first cypher after the stop ; put 
another zfero again to the remainder, and divide,^ 
you will obtain the second decimal fraction ; in a 
word, you proceed as if you carried a zoro fi'om 
the dividend to each remainder. To divide 10,05 1 
by 4,37, 1 write 4,370, and I divide 10051 by 4370, 

4870) 10051 (S,» 21,S) 154,3 C7,!37 

8740 1484 



4370) 13110 21,2) 590 

13110 4(64 



a«* 



R«mainder 0, 1660 

1484 



176 &c. 
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When two or three decimal fractions have been 
obtained, you stop, as it would be useless to pro- 
ceed further, the fractions being so small, as is 
seen in the second example. We will now pro- 
ceed to shew the application of these principles. 



1st. ON Lines. 

. Problem.— jFiVirf asitie of a rectangle triangle, 
the two other sides being given. 

Multiply each of the known sides by themselves; 
add them together, if you are to seek the longest 
side, or hypothenuse ; subtract, if one of the short 
sides; that done, you will have the same result as 
if you had multiplied by itself the unknown side ; 
therefore you jnust seek a nuifnher, whi^h, multi- 
plied by itself, gives the product. 

Example. — ^The two sides of a rectangle trian- 
gle are, one 3 metres, the other 4; find the hypo- 
thenuse. 



3 times 3 are 9 

4 times 4 axe 16 

Added together > 25 



5 times 5 being S5, 
the hypothenuse is 5 metres^ 



Example. — ^The base of a rectangle is found to 

m 

measure 8", 54; the altitude is unknown, but the 
hypothenuse has been measured, and ftiund to 
contain IS"*, 32 ; what is the altitude ? that is to 
say, find one of the short sides of the triangle. 



w> 



S,«4 

3416 

eS82 
7«^16 



I^8@ 
IS^ 

3064 
4596 
'7660 
153^ 

234,7034 



I subtract 



72^16 
161,7708 



There remains to find a number, vhicb, nuilti> 
plied by itself, gives 161,771, in keeping to milli- 
metres. A few trials will give nearly 12,7 Id, 
which may be proved by mnltiplying this number* 
with itself ; the altitude required is therefore 12", 
719. 

ExAMPi/E. — JRind the altitude* of an isosceles 
triangle, of which the base is 52 centimetres., imd 
the equal sides 87: the perpendicular drawn from 
the vertex, cuts the base in half; it forms a short 
side of the rectangle triangle. 



Half of the base 26 

26 



Long side 87 
87 



156 

52 

676 



60& 
696 

7569 



I subtract 



758$ 
676 

6833 



A &w trials will yield 83 centimetres for the al- 
titude required ; 83 times ^3 will give 6889. 

* The altitude of an isosceles triangle, is'the length of the per* 
pendiciilar line, drawn from itsvertex to the base. 
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Problem. — Find the circun^erenee of a circle 
produced in a right line. 

Multiply the diameter hy three, and add a se- 
venth part ; the product will be the circumference. 

Example. — The diameter of a circle is 4**, 523. 

45S3 
Multiply by S ... 3 

13569 
Add a seventh of 4ffiSS . 646 



14,215 

The circumference measures 14 metres and 215 
millimetres in a right line. 

Example. — ^The breadth of a circular pond is 
5,5 metres, what is the circumference? 

Di^pieter » . • ^ . 5,5 

3 



16,5 
Add one-seyenth • • 0,786 



17,286 



The circumference 18 17", 286. 

Pko9.|4£m.— JPim^ the radius, the circuniference 
being given. 

MmUipfy the drcun^erenee by 0,15Si you mil 
hme the radius. 

Example. — ^To find the tiuckncias of a (^lomD, 
its circumference has been measured by a liOft 
and has b^(»l iGDund to be 2"^, 54%. The 8um 
gives (T, 404, or 404 millimetres for the radios. 
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Six figures are stnu^ off 
to the right, as there were 
three in each .giv^n num- 
ber : the double is 808 mil- 
limetres, the diameter of the 
column. 



2,542 
0,159 

22878 
12710 
,254a 

]Eladius . 0,404*178 



2od. OF Superficies. 

Problem. — Find the superficies of a partdleh' 
gram. 

The superficies of a parallelogram is obtained hy 
measuring the base by the altitude; that of a square^ 
by multiplying the side by itself. . 

The base and altitude should be expressed in 
measures of the same denomination ; for example, 
in metres or decimetres : when a superficies is to 
be calculate(), you seek how many times it con- 
tains a square, of which the side is a metre or a 
decimetre, ^c. The muUiplication made, shews 
how many squares the superficies contains, of 
which the side of the square and the line of the su- 
perficies bdng both expressed by the same unity, 
whether metre, decimetre, &c. 

The square mettre contains J 00 square . decime- 
tres, each of these decimetres contain 100 square 
centimetres, whicli makes 10,006 square centime- 
tres in a iheitre. 

- Example.— A rectangle lias 2°", 24 base, and 
4,31 altitude, what is its superficies i^ 
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2,^ 
4,31 



S24i 
672 
896 

ft 

9,6544 



Multiply . the two numbers together, 
point off four numbers in the pro- 
duct, these being two in each given num- 
ber. The superficies contains then 9 
square metres, and the 65 hundreds of 
one of these squares (that is, 65 square 
decimetres), and again 44 hundreds of 
these, or 44 square centimetres ; since the square 
metre is comp6sed of 100 square decimetres, of 
which each is composed of 100 square centi- 
metres. 

£xAMPLE.^— A canal is 154,6. metres long, by 
75,3 .metres broad; how many ares does its super? 
ficies contain? 

' The product gives 11641 square me- 
tres, and 38 hundred parts; but the 
are being a sqitare of 10. metres, con- 
tains 100 square metres ; therefore, the 
canal is 116 aires aQd 41' hundreds 
of ares, (leaving out the 38 ten thou- 
sands). 

ExAMPLE.^ — A park is of a rectangular form, of 
2023 metres in lengthy by 1 145 broad ; what is the 
extent of it ? ^ The product of the multiplication of 
these two nuqfibers is 2316335 square metres, or 
28163 ares and 35 centiares, or 231 hectares 63 
ares and 35 centiares. 

PRopLEM..-^TAe superficies of it right angled 
prism, without including its bases, is found by mul- 
tipltfing the altitude by the outline of the base. — 
This is the consequence of all the lateral feces of 



: 154^6 
75,3 

4«88 
7730 

11641,38 
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the body beiug rectangles, by which it is included 
in the preceding rule. 

£xAMPLE.---It is required to dash th« outside 
walls of a park ; these walls are 2,3 metres in 
height, bow many superficial metres do they con- 
tain ? The park forms a parallelipiped of 2023 me- 
tres loag, by 1146 broad, and 2,3 metres high ; I 
double the two first numbers, and jadd to find the 
length produced of the wall, I find 0336 metres of 
circumference ; multiply this by 2,3, 1 get 14572,8 
square metres. 

ExAMPLS. — It ia required to cover the walls of 
a room with paper. , The dim^isions of the room 
are 24°", 7 ; the height of the walls to be covered 
is 3^, 1 ; (Jbe paper is 2f*, 5 broad : how many 
metres of paper will' it require? 1 multiply 24% 7 
by S"", 1, to find the superficies thgrt is to be 4;o^ 
vered, and get 76,57 sq^kiare metMS. My paper 
must be of 6uch a length, which multiplied by 
1"", 5, shall give the same result; I therefore di* 
vide 76,57 by 1"*, 5 (see page 68), I find 53^04, it 
accordingly takes rather more than 51 metrea in 
length to paper the room required. 

24s7 1,60)76,57(51,0* 

8,1 750 

247 157 

74X 150 

76,57 700 

600 

100 
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If the pri$m is cUigne, its superficies is calcu- 
lated by taking that of all the partMelogratns of 
which it is formed. 

Problem.— dPtPM^ the superficies ofatpumgle. 

MutHpfy the base by the height, and take the 
hoif of the product. 

A triangle is always the half of a parallelograin, 
ysdufch 16 of aa equal base and eqoal altitade. 

. fixAMPio&i. — It is raquired to And the extent of 
airiaogular fields <tf ^faidh one mde taluaEtas ba«e 
is 154 jnetres iong, and of which the perpendicu- 
lar, .drown from ihe vertex to llie base, measures 
as aietfos. I multiply 77, the half of 1^ by 83, 
and I. bare .die superficies required, 6301 ^square 
inetBes, ore61:a»es:91 ceutiares. 

(Instead . of > halving the product, you may take 
ihe half of either the base or the altitude, before 
you multiply, wfaidi will produace the siwie re^ 
suit) 

The superficies 4f a. polygai^ thai of a pyramid, 
is calculated by taking separately the superficies cf 
each 4fthie triangles cf wbifih it is composed. 

SxAMBi^. — Aa irregular court has a quadra- 
liter form; to find the superficies I measure que 
of the diagonals, which I find to be 129°', 7:1 
draw perpendiculars on this line, from the ad^es 
opposite to it ; I find one of them of 52", 5, the 
other of 41"", 8. I consider the court as fovmed 
of two triangles, of which the superficies must be 
oalculated sepaf ately. 
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First triangle . 129,7 
By . . . 53,5 



Second triangle . 129^7 
By . . • 41,8 



Two multiplications should be made ; but I 
have operated quicker by adding the two altitudes 
52,5 and 4 1 ,8, which gives 94,3* The )ialf 47, 1 5, 
should be multiplied by 129,7, which gives 
6115,355 square metres, or 61 ares, 15centiares. 

If the polygonj whose superficies is to he found 
is regular^ you draw lines from the centre to two of 
the adjoining angles, and calculating the superficies 
of the triangle thusformedy you repeat the product 
as many times as there are sides to the polygon. 

Example. — An hexagonal pond has one of its 
sides which measures 3*^, 34 ; i(;s breadth from the 
centre of one of the sides to the centre of the op* 
posite side, is 2"", 88 ; one of its triangles has then 
for its height 1°*, 44, and for its superficies the 
product of 0,72 by 3,34, or 2,4048. I repeat 
this 6 times, and obtain 14,4288 square metres, 
that is to say, 14 square metres, 42 square deci- 
metres, and 88 square centimetres. 

Problem. — Find the superficies of a trapezium. 

Take the half of the s^m of the two parallel 
sides, or what is equals the sum of the parallel 
drawn at equal distances of these lines^ and multu 
ply hy the height. 

Example. — A roof has the figure of a trape- 
zium of which the parallel sides are of 44% 7, and 
33°", 5 ; the height of this trapezium (measured on 
the roof in the direction of the slope, aqd perpen-* 
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dicularly to the two preceding sides,) is of Of, A ; 
what is lis superficies ? - 



Sum . . . 
The half 



44,7 
3S,5 

78,2 
89,1 



39,1 
9,4 

' 

1564 
3519 

367,54 



69,89 
S 

20667 
984- 

216,51 



Yoa obtain 367 square metres, and 54 square 
decimetres. 

Problem. — Find the superficies (^ d circle: 

Multiply the radius by itself ,' and afterwards the 
product hy 3 and \{pT % 143) ; yon wiU have the 
superficies of the circle. 

Example. — A circular pond bas a ra- 
dius of 8°"^ 3 ; this multiplied by itself, 
gives 69", 89 ; tripling this, and adding 
the seventh, you obtain 216 square me- 
tres, and 51 square decimetres, (nearly 
one square metre). 

Example. — The circumference of a circular 
pond being measured, it has been found to con- 
tain 28"', 5; it is calculated therefore (page 71) 
that the radius is 4^, 53 ; multiplying' this by it- 
self, I find 20,52, which repeated 3 an!d| times, 
gives 64,49 square metres. 

Problem. — Find the superfiiies of <i right cy- 
linder. 

Multiply the circumference of the basebyihe al- 
titude.-^As th^ base is a circle, the radius being 
given^ the circumference is easily founds (p^g^^l) 
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Example.— A painter puinted the walte of a 
circular room, the walls were 3>4 metres m hcagbt, 
the diameter of the room 54^2 metres ; how many 
square metres did he paint? Multiply 54,2 by 
3|, the product is rro;34 for the circumference of 
the room ; 1 multiply this by the lieight S*", 4, and 
I find 579,156, thai is, 579 square metres, 15 
square decimetres, and 00 square centimetres. 

We have not allowed for doors and windows in 
this calculation; they must be calculated by tbem^ 
selves, and subtracted. The mouldings and cor- 
ftkes are measured by long measure^ a U;pe line 
fiiarked in metres bends wid} their form^ 8nd> the 
length thus measured gives the ie»l dimensions of 
the work that hae been exeeii<ied. 



Srd, Calculation of Contenops. 

pROBLBK^'-^l^iiiid the eentents qf a prism qf a 
cylinder. 

MtUtipfy the superficial contents of the hase^ hy 
the altitude, the product will be the cubic contents 
ixmtained in the given body. 

Note. — ^The three dioieasiOB^ must always be 
expressed in the sftine denomination of measure, 
whether metre or decimetre, in the same manner 
tiiat, in the calculatbn of saper#cies^ it was neces- 
sary to use the same unity to express botib the 
kngth ^nd breadth. 

ExAMPLB,— A wall is 2^", 8 high, 6 deeiimtoes 
thick, and 104^, 5 long ; ho# many cubic metres 



7d 

of stoae does it contain ? I multiply these three 
n ambers in writing 0", 6, instead of 6 decimetres, 
and I find 

2", 8, multiplied by 0"> 6, gives 1,68 square metres. 
1,68, multiplied by 104™, 5, gives 175,560 cubic metres. 

I have therefore 175 cubic metres, and 560 cu* 
bic decimetres; (the cubic metre contains 1000 
decimetres) of stones, not allowing for earth, sand, 
or mortar, which may have been used in. the con- 
struction of the wall. 

Example. — A pile of wood ranged in the form 
of a parallelipipede, is 22"', 3 broad, 54°', 8 high» 
and 37''', 1 long ; how many steres or cubic me* 
tres does it contain? I multiply the three ntimr 
bers, and I find 45337 cubic metres, and 684 cu- 
bic decimetres. 

£xAMPLE. — A boiler, which is nearly cylindri- 
cal, is 8,3 decimetres deep, 13 decintetres broad ; 
what is its contents? The radius is 6,5 decimetres ; 
multiply 6,5 by 6,5, and afterwards by 3| ; 1 get 
for the superficies of th^ circle of the base 132,786 
square decimetres. Multiplying this by the depth 
(or height), 8^8, I obtain the conteats required, 
1102,124 cubic decimetres, that h, (1102 litres) 
pearly 11 hectolitres. 

Example. — Suppose a burnt brick to be 23 
centimetres long, 1 1,2 bro&d, and 3,6 centimetres 
thick; the product of these three numbers is about 
930 cubic centimetres. The cubic metre contains 
1,000,000 centimetres; therefor^ in dividing by 
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930, . the cubic metre is fouod to contaio about 
1080 brtckis. How many bricks will it take to 
build a wall «?00 metres long, 2''> 2 high, and 3,6 
decimetres thick. Multiply these three numbers, 
(the last being written 0°^, 36,) you find that the 
cubic contents of the wall is 237,0 cubic metres ; 
multiply by 1080, you obtain 256608, the re- 
qiiired number of bricks. However, the mortar 
required to cement the bricks diminishes this 
quotient. 

Example.— A well is 6°", 9 deep, 1", 2 in dia- 
meter ; it is required to give 4 decimetres in thick- 
ness to the wall. How much stone will it take to 

« 

build the wall that surrounds it? I calculate the 
wall as if it was to be built solid, which gives a 
cylinder^ with a radius of 6 decimetres, adding 4, 
that is to say, 1 metre afterwards : I subtract the 
hollow, part which forms another cylinder with a 
radius of 6 decimetres. 

1st. Cylinder ; 1" multiplied by !■, and by 3f , 
gives 3,14 square metres for the superficies of 
the base (which must be multiplied by the height 
6», 9) 3,14 •«• -'• 

2nd. Cylinder ; 0", 6, multiplied by 0", 6, and 
by 3|, gives for the circle of the base . . . . 1,13 

Which subtracted gives . . 2,01 ^' ■*•• 

It remains to multiply this by ,6°", 9, (the multi- 
plication may be performed either before or after 
the subtraction) and I obtain the product 13°", 86!>, 
nearly 14 cubic metres. 
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Problem. — Gauge a casjc. . 
. Take the superficies of the circle of the base,, and 
twice that of the circle of the cask at the bung-hole; 
add these two numbers, and multiply the sum by the 
third of the length of the cask,—A\\ these mea- 
sures should be taken within the barrel, otherwise 
the thickness of the wood would be included in 
its votume. ' 

ExAMPLE.r— A cask is 61 centimetres broad at 
the bung-hole, and 56 at its base, its length is 93 
centimetres, what is its capacity? The radiuses are 
30,5 and 28. 

28 times 28 multiplied by S^r . . 2464 •<»•««• 
30,5 times 30,5 . ditto .... 2923,64 

2923,64 



Sum, leaving out fractions . . 831 1 ^* 



cent. 



Multiplying this sum by 31, which is the third 
of the length, yon obtain the product 257641 cu^ 
bic centimetres. As 1000 of these centimetres 
form the litre, the capacity of the cask is 257 
litres, and 64 L cubic centimetres. 

Problem. — Find the contents of a pyramid or 
of a cone. 

Multiply the superficies of the base by the height, 
and take, the third of the product. 

Example.— A loaf of sugar is 2,4 decimetres 
broad at its base, 4,1 dechnetres high, what are its 
contents? The superficies of the base is 1,2 mul- 
tiplied by 1,2 and by 3f, which gives 4,52 square 
decimetres; this multiplied by 4,1, (the height) 

G 
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gives 18,532; the third, or the volome, ^herefiUre, 
is 6 cubic decimetres, and 177 cubic centimetres. 

Problem. — Find the contents of the frustum of 
a cone with parcdUl bases. 

1st, Multipfy hy itself each ofthera^ius^sof the 
two basesy and then multiply them hf each other f 
2dly, Add then three products; 3dly, Multipfy 
the sum by the height^ and add to the product the 
Srd of its 9th, (that is to say, its i7th.) 

Example. — A tub is 2,9 decimetres broad ait 
top, and 2,3 decimetres broad at bottom; the per- 
pendicular depth is 3 decimetres, what is its vo^ 
lume? 

1,45 multip&ed by 1,45 • ^ves • • S,1Q2S 

1,15 multipfied by 1,15 1,SS25 

1>45 multiplied by 1,15 1,6675 

Sum, leaving out the ten thousands • 5,093 n»^* 

MultipHed by 3, the height . • . . 15,27$ •*•*-• 
The ninth of this number is 1,698, of 
which the third k ..... . 0,566 

15,845 

Therefore the contents of thiis tub is 15 cubic 
decimetres, and 845 cubic centimetres. 

And if it is required to know how many of these 
tubs full, would fill the boiler, which (page 79) 
has been found to contain 1102,124 cubic deci- 
metres. This number must be divided by 15,845,; 
the quotient, 69,55, shews that the boilei^ contains 
nearly 70 of these tubs full. 
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On Weights and Measures,* 

We have already explained (page 66) the sys- 
tem o£ tbeir nomenclatare, and their decimal 
subdiTisioiis; it remains to explain how these may 
be obtained^ It is necessary to be able to find the 
metre length, and there are many ways by which 
this may be accomplished. 

The metre is nearly equal to three feet four 
inches and a half; to find the exact length of the 
metrct suspend a bullet by a thread to a nail fixed 
in the wall, move it gently out of its vertical posi- 
tion, and let it oscillate without touching the wall. 
If in counting the number of the oscillations, you 
reckon 60 in a minute, the pendulum will be pre^ 
cisely a metre in length, measuring from the point 
of suspension to the centre of the bullet. To be 
still more exact, there should be 361 oscillations 
in 5 minutes : when there are fewer oscillations, 
the thread should be lengthened, and if more, it 
should be shortened,' till the proper number is ob* 
tained; 

The French meacsures are so interlinked with 

each other, that the knowledge of one leads to all 

the others; therefore, haying once acquired the 

ength of the metre, it has been shewn (p^e 60) 

* The standard of English weights and measures has been sub- 
stituted here in place of the French weights and measures, and 
methods omitted which could not be practised in England, refer- 
ring to French coin. 

G 2 
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how to find the length and breadth of the hectoli- 
tre, the boisseau, &c., and reciprocally, if you 
have one of these measures, it is easy to find the 
metre* 

It would be a very useful ex^cise to calculate 
the volumes of the cylinders which: form the mea- 
sures of capacity * in taking; the data giveii (in 
page 60), it will be found that 

The hectolitre is equal to 100 litres of cubic decimetres, 
demi-hectolitre . . 50 
decalitre .... 10 
boisseau . • • . 12^ the 8th of the hectolitre. 

To find the weights : 

1 gramme is about 15 grains^ but rather ex- 
ceeds it ; 1 kilogramme, 2lb. 3oz. 5drs. 

Problem. — Find the weight of a given volume 
of water. 

The kilogramme is the weight of a evbic deci- 
metre of very pure distilled water. — Take a regular 
formed vessel, that of a cylinder for example, such 
as drinking-glasses, bottles, &c. : measure the in- 
terior height and breadth to ascertain its capacity 
by calculation; fill the vessel with water, and you 
will obtain the required weight of the contained 
water, by taking a kilogramme for each cubic de« 
cimetre, a gramme for each cubic centimetre, &c. 

For example : a cylindrical glass is 7,32 centi- 
metres broad, to what height should it be filled 
to give the weight of a quarter of a kilogramme, 
that is to say, a quarter of a cubic decimetre, or 
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250 Qubic centimetres^ The superficies: of the 
ba^e is ojbtained by multipIyiDg the radius 3,66. by 
3^66, centimetres, and by 3}; whiqh giv^^ 42 
square centimetres,, Th^ height multiplied by 42^ 
should give 250 cubic centimetres; dividing 250 
by 42, the quotient 5,95 shews that you must put 
about the height of 6 centimetres of water in the. 
glass, to obtain the weight of a qyarter of a kilo- 
gramme, or 2 hectogrammes and a half. 

PkobXiEM. — Find the weight of a given: volume, 
of iron, ^ copper ^ sand, SfC. 

Calculate the, weight of an equal volume of water, 
and, multiply this number by the number cffixed to 
the substance in question, in the underneath table. 



Silver • 


. 10,70 


Steel • . . 


7,67 


Sea-salt • . 1,92 


Elm-wood • 0,67 


Lead • 


.11,35 


Free-ttooe 


2,42 


Vil . . . . 0,91 


Pear ditto . 0,66 


Copper 


• 8,86 


Marble . . 


2,7« 


Butter \ "»^^ 


Cherry ditto 0,72 


Iron . . 


. 7,70 


Cbalk . • . 


S,«5 


Wine . . . 0,99 


Pewter 


. 7,67 


Sagar . . . 


1,61 


Oak-wood 1,07. 


Brandy * . 0,86 



Example. — It is required to know the weight 
of a cabic metre of marble ? As the cubic metre 
contains 1000 cubic decimetres, of which each 
weighs 1 kilogramme; if it was question of a vo- 
lume of water, it would weigh 1000 kilogrammes; 
this number multiplied by 2,72, which is affixed 
to marble, in the table, gives for the weight of a 
cubic metre of marble 2720 kilogrammes. 

Example. — An axle-tree has been forged of a 
prism of iron, 9,5 centimetres by 6, 1 angular base, 
and 18 decimetres in length, what is the weight? 
I multiply 9,5 by 6,1, and by 180, and I find for 
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the volume of theirOD 1043 tidbic ceDtitaetres, or 
] 0,43 1 cilbic dedmetres. The Weight of an equal 
quantity of ivater is 10,431 kilogrammes. I mul- 
tiply this number by 7,70, and find B0,32 kilo- 
grammes foi^ the weight of the akle-tree. 

Example. — It is required to know the weight 
of the cask of which the gage was given (page 81) 
when filled with brandy? You have already as* 
certained its volume to be 257^641 cubic decime- 
tres^ if the vessel was full of water, it would there- 
fore weigh 257,641 kilogrammes ; this multiplied 
by 0,86, the number given in the table, ybu find 
222 kilogrammes for the weight of brandy con- 
tained in the cask. 

Example. — ^What is the weight of the loaf of 
sugar, of which we have found (page 81) that the 
contents is 6,177 cubic decimetres, equal to 6^177 
kilogrammes of water? Multiply this number by 
1,6 1, which will give 9,9$ kilogrammes, the weight 
of the sugar, 

THE END. 
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Note, — All these calculationsmay be reduced tojfii^ish 
measure, by calculating Sib. 3oz. Sdrs, avoirdupois weight 
for each kilogramme^ or Sdrs* avoirdupois for eadi deca- 
gramme, 3 feet four inches and a half for each metre^^ 
1S^064 gaUons of wine measure, (not reckoning fractions) 
for every 10 litres.— See Preface. 



MONITORS* TABLETS. 



OBSERVATION. 

These tablets should be detached from the 
work| pasted on separate pasteboards, ^nd each 
given to the monitor of the class it refers to. The 
monitor reads from it the order he is to dictate to 
his class, and ivhen the class is ranged in semi- 
circles before the tablet against the wall, he must 
take care to point at the same time to the dis^ram 
to which his order refers. 
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MONITOR'S TABLET. 



First Class — First Part. 

1. Draw a right line, fig. I. 

S. Draw a right line, and divide it in the middle, fig. S. 

Si Draw a right line, and cut it in four equal parts^ fig.S. 

4. Trace a right line, and prolong it of an equal length, 

fig. 3. 

5. Trace a right line, prolongitof a double length, fig. 4. 

6. Trace a right line, and prolong it of a triple length, 

fig.S. 

7. Cut a right line in three equal parts, fig. 4. 

8. Cut a right line in 6 equal parts, or 8 equal parts. 

9. Find the half of a right line, fig. S. 

10. Find the quarter and three quarters of a right line, fig.9. 

11. Find the third and two-thirds of a right line, fig. 4. 

12. Draw a right line of 1, 2, 3, decimetres long, fig. 1. 

13. Draw a right line, and divide it into decimetres, fig. 2 

to 4. 

14. What is the height and breadth of a boisseau of grain. 

See Tablet. 

15. Draw a horizontal line, and divide it into 9, 3, 4, equal 

parts.* 

16. Draw a vertical line, cut it in 2, 4, 3, equal parts, fig.S. 

17. Equidistant horizontal (or vertical) lines, fig. 1 to 14. 

18. Trace oblique lines, and divide them in 2, 4, 3, equal 

parts, fig. 6. 
10. Trace parallel and equidistant oblique lines, fig. 6. 

20. Join two points given by a right line, fig. 1 to 6. 

21. Trace a horizontal line from right to left, fig. 1 to 14. 
82. Trace a vertical line firom the bottom to the top, fig.S. 
SS. From a given point draw a parallel to a right line, 

fig. 6. 

24. Draw an acute angle, fig. 7 ; an obtuse angle, fig. 28. 

25. Form an acute angle, whose opening shall be turned 

upwards, downwards, or to the left. 

26. Form a triangle, fig. 11, 18, 19, 20. 

* Repeat all tiie preceding qaestions, adding the condition that the lines 
^oald be horizontal, vertical, or obliqae. 



MONITOR'S TABLET. 



First Glass — Second Part. 

I. Draw a horizontal and a vertical line to cross each 

other, fig. 8. 
3. Draw a perpendicular line upon a given right line, 

fig.9. 

3. Trace two lines which shall cross at right angles, fig. 0. 

4. Trace a rectangle triangle, fig. 10 and 11. 
5* Form an isosceles rectangle triangle, fig. 11. 

6. Form a rectangle, fig. 12. 

7. Form a rectangle, and divide it in equal rectangles, 

fig. 13. 

8. Form a parallelogram, mark its altitude, fig. 14. 

9. Form a square, fig. 15. 

10. Trace angles with parallel sides, fig. 16 and 17. 

11. Draw oblique lines equally diverging firom the perpen- 

dicular, fig. 18. 

12. Form an isosceles triangle, fig. 18; (give the base and 

altitude). 

13. Trace a scalane triangle, then a second with parallel 

sides, figj 19, SO. 

14. Form an equilateral triangle, fig. 81 ; (give the side). 

15. From a given point beyond a right line, draw a per- 

pendicular to that right line, fig. 8 and 9. 

16. Draw a perpendicular to a given point on a right line, 

fig. 8 and 9. 

17. Draw a perpendicular on the end of aline, fig. 10, 

18. Form a rhomboid or lozenge, fig. 21. 

19. Form a square, with diagonals placed obliquely (or 

one being horizontal, the other vertical), fig. S3. 

50. Form an equilateral triangle, of which the vertex shall 

be under the base, fig. S4. 

51. Form an equilateral triangle placed obliquely* 
SS. Divide a right angle in half, fig. S5. 

83. Divide an angle in two equal parts, fig. 86, (in four 

eight parts), 
S4. Double an angle, fig. 86* 
25. Triple an angle, fig. 87. 

86. Divide an angle in three equal parts, fig. 27» 

87, Divide an obtuse angle in six equal parts. 



36. Form a triangle, the three sides being given. 
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MONITOR'S TABLET. 



Third Class. 

1. Trace a circle and mark its centre^ a radius, and a diameter^ 

2. Form a circle, of which the centre and radius is given, fig. 1. 

3. Divide a circle by two perpendicular diameters, fig. 3. 

4. Divide a circle in eight equal parts, fig. S. 

5. Describe concentric circles (equidistant or not), fig. 3. 

6^ Trace two circles, the diameter of one being double or triple 
that of the other. 

7. Trace an arc of a circle, and mark it% centre and a radius,, fig. 

4 and 5. 

8. Trace an arc to a given radius, fig. 4 and 5. 

9. Divide an arc in half, fig. 4; in three parts, fig. 5. 

10. Trace a circle, draw a tangent to a given point on the curve, 
fig. 6. 
1. Trace an arc and a tangent on a given point of this arc« fig. 7. 
S. Draw four tangents to a circle, forming a quadrilater, fig^ 8. 

3. Circumscribe a square on a circle, fig. 8. 

4. Inscribe a square in a circle, fig. 9. 

5. Double an arc, fig. 4 ; triple an arc, fig. 5. 

6. Draw a tangent to a circle, fi*om a given external point, fig. 6. 

7. Draw two tangents to a circle from a given external point. 

8. Divide a circle into six equal parts, form the inscribed hexagon, 
fig. 11. 

19. Divide a circle into three equal parts, inscribe an equilateral 

triangle, fig. 12. 

20. Form two unequal circles, tangent to each other, internally, 

fig. 14; externally, fig. 13. 

21. The same; the centres and points 6f contact being given, fig. 

13 and 14. 

22. Inscribe a regular octagon in a circle, fig. 15. 

23. Inscribe a regular pentagon in a circle, fig. 16. 

24. Trace a regular polygon of 5, 6, or 8 sides, without forming a 

circle. 

25. Form a triangle, and describe the circumscribed circle, fig. 12. 

26. Form a circle, and trace a tangent triangle, fig. 18. 

27. Trace a circle, which shall pass through all the vertices of a 

given regular polygon, fig. 9, 11, 12, 15, and 16. 

28. Inscribe a circle in a triangle, fig. 19. 

29« Form an arc which shall pass through two given points, fig. 4 
and 7. 

30. Form several arcs which shall pass through two given points, 

fig. 17. 

31. Form a circle to pass through three given points, fig« 1. 

32. Circumscribe a circle on a given triangle, fig. 12. 

33. Circumscribe a polygon, regular or irregular, on a given cir*^ 

cle, fig. 20. 

34. Inscribe a circle within a given regular polygon, fig. 20. 

35. Inscribe and circumscribe 2 parallel polygons to a circle, fig. 21. 

36. Form a triangle, the three sides being given. 
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MONITOR'S TABLET. 



Fourth Class. 

L Draw a right line which shall touch two circles, fig. 1. 
g. Describe four tangents to two circles which do not in- 
tersect each other, fig. 1. 
S. Add two squares, fig. 3. 

4. Double a square, fig. 3. 

5. Subtract one square firom another, fig. 2. 

6. Take the half of a square, fig. 3. 

7. Add three squares, fig. 4. 

8. Triple a square, fig. 4. 

9. Construct a protractor, fig. 5. 

10. Form an angle of 36 degrees, of ^0 degrees, &c., fig. 5. 

11. Construct a sphere and its meridians, fig. 6. 

12. Construct a sphere and its small circles which divide it 

into zoned, fig. 7. 

13. Draw an atlas, fig. 8. 

14. Construct an ellipse, fig. 9 and 10. 

15. Trace an oblique cone, fig. 11. 

16. Draw a right cone, fig. 12. 

17. Trace a right cylinder. 

18. Draw an oblique cylinder. 

19. Form a section parallel to the base of a cone or a cy- 

Under, fig. 11, 12, 13, 14. 

SO. Double a cylinder or subtract a half; triple it or sub- 
tract a third, fig. 13 and 14. 

21. Form a cylinder with a horizontal axis, fig. 15. 
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MONITOR'S TABLET. 



Fifth Class. 

1. Trace a filet, fig. L 

2. Trace an astragal, fig. 2. 

3. Trace an ovolo, fig. 3. 

4. Draw a toras with its plinth, fig. 4. 

5. Trace a quarter round with its filets, fig. 5. 

6. Trace a reversed quarter round with its filets, fig. 6* 

7. Draw a talon with its filets, fig. 7. 

8. Draw a reversed talon with its filets, fig. 8. 

9. Trace a cyma recta with its filets, fig. 9. 

10. Trace a reversed cyma recta with its filets, fig. 10. 

11. Draw all these mouldings in the opposite direction, 

facing them towards the left. 

12. Draw fig. 11. 

13. Draw fig. 19. 

14. Draw fig. 13. 

15. Draw fig. 14. 

16. Draw fig. 15. 

17. Draw fig. 16. 

18. Draw fig. 17. 

19. Draw fig. 18. 



J. M^Croerr, Took»cottrt, 
Chaaceiy-tane, London. 
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